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INTRODUCTION 
This report has been prepared in conjunction with Contract 
Number AT(ll-l)-1199 with the U. S. Atomic Energy Commission. Under 
this contract, research has been performed to determine the time and 
space distribution of radioactive rainout in rainstorms and the re-
lationship of the radioactive rainout to various meteorological 
factors. Development of equipment needed for reliable surface and 
aircraft sampling of rainwater has been undertaken. The research 
contract was initiated on June 1, 1962 and 12-month extensions were 
granted on June 1, 1963 and June 1, 1964. 
This progress report is concerned primarily with presentation 
of the latest analytical results of studies on the distribution 
characteristics of the concentration of gross beta, Sr90, Ce144, 
and Ce144/Sr90, based upon rainwater samples collected during 
1963-1964 on the automatic rainwater sampler networks; the time 
and space variability of radioactive rainout on a network of 400 
square miles; the areal representativeness of point samples of 
radioactive rainout on the 400 square mile network; the comparison 
of areal patterns of radioactive rainout and storm rainfall; and 
the correlation of radioactive rainout with various meteorological 
factors. Development of a new aircraft sampler is described, and 
modifications to the automatic rainwater samplers in preparation 
for 1965 operations are discussed. 
A research report covering detailed analyses of a number of 
case studies is in preparation. Similarly, a report on the Water 
Survey's participation in Project SPRINGFIELD is being prepared. 
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DATA COLLECTION PROGRAM 
Rainwater Sampling Networks 
During 1963, rainwater samples were collected on the networks 
shown in Figure 1, and described in detail in the Second Progress 
Report. In 1964, operations were restricted to the East Central 
Illinois Network of 49 raingages in 400 square miles. Fifteen 
automatic time samplers, described in detail in the First and 
Second Progress Reports, and 31 total storm samplers were located 
at the recording raingage sites indicated in Figure 2. Also, a 
total storm sampler was located at each time sampler. All sam-
plers were serviced by Water Survey technicians. 
Radar Observations 
During 1964, radar observations were made with three sets. 
These included: the TPS-10, a range-height indicator, used for 
determination of the vertical structure of cloud systems; the M-33, 
a 10-cm set used primarily for determination of the location and 
movement of storm systems; and the CPS-9, a 3-cm set, also used for 
tracking purposes. In 1963, only the TPS-10 and CPS-9 were used in 
most storms. 
Time Sampler Modification 
As indicated in the Second Progress Report, an improved method 
of bottle support was made on the automatic time sampler prior to 
1964 operations. Also, a timing mechanism was incorporated into 
the time sampler assembly in order to determine more accurately 
the starting and ending times of the rainwater samples. Both 
modifications proved successful and aided considerably in the 
1964 data collection and analyses program. 
During 1965 it is planned to operate approximately six auto-
matic time samplers in conjunction with aircraft sampling of rain-
water in and below clouds. A major modification of the existing 
time samplers has been undertaken to make the samplers more adapt-
able to the aircraft sampling program. With this modification it 
will be possible, without human attention, to collect 38 one-liter 
samples of rainwater in a storm. Each sample will represent approxi-
mately 0.01 inch of rainfall. Details of the modification are pre-
sented in Appendix A of this report. 
Aircraft Rainwater Sampler 
An improved model of the aircraft rainwater sampler was designed, 
built, and tested during 1963. Test results indicate that the model 
FIG. 1 1963 RAINWATER COLLECTOR NETWORKS IN CENTRAL ILLINOIS 
FIG. 2 1964 RAINWATER COLLECTOR NETWORK 
-9-
should satisfy requirements for the aircraft sampling program. The 
development and testing of the aircraft sampler is discussed in 
detail in Appendix B of this report. 
Mobile Rainwater Collectors 
Only one storm was sampled with the mobile collectors during 
the 1964 sampling period. All other storms suitable for applica-
tion of the mobile sampling program occurred at night when the 
observer could not position himself properly with respect to the 
storms because of visual limitations. Dry weather during most of 
the summer also restricted the mobile sampling program. 
Surface Air Sampler 
A ground-based air sampler was operated for the collection 
of surface air samples in cooperation with the Argonne National 
Laboratory. The exposed samples were forwarded to Dr. P. P. 
Gustafson for his analysis and use. 
DATA PROCESSING 
Radiochemical Analyses 
During 1964, 1364 rainwater samples from the automatic time 
samplers were analyzed for gross beta concentration. In addition, 
193 total storm samples were analyzed. The 1364 time samples were 
obtained from 194 station data sets in 49 storms. Approximately 
3200 bottles of water were collected in 1964. Many samples were 
eliminated from final analyses for various reasons, such as in-
complete sampling throughout the life of the storm, less than four 
samples at a station in a storm, malfunctioning of equipment during 
part of a storm, and insufficient supporting data from raingages 
and radar. After elimination of unsatisfactory data, a total of 
128 station data sets from 31 storms was selected for use in the 
analysis program. Table 1 shows a tabulation of the 1964 data 
analyzed for beta concentration. In addition, approximately 30 
samples from the mobile sampler and aircraft sampler programs were 
analyzed. 
The sampling network was operated with the network shown in 
Figure 2 from late March to mid-June, after which it was reduced 
to four samplers in the center of the network. The reduced network 
was operated through August. The time sampler at the Meteorological 
Laboratory has continued in operation throughout the year. 
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Radar Analyses 
Analyses of PPI data collected with the CPS-9 and M-33 in 
1964 are nearly completed. Copies of radar patterns at frequent 
intervals throughout storms have been made for 22 storms from 
CPS-9 data, and 10 storms from the M-33. RHI data from eight 
storms have been tabulated from the TPS-10 film, placed on IBM 
cards, and computer analyzed. The computer program used in the 
analyses of 1963 data and described in the Second Progress Report 
is being used with the 1964 data. Several more storms with TPS-10 
data remain to be analyzed. 
TABLE 1 
NUMBER OF BETA SAMPLES ANALYZED IN 1964 
Time Samples 
Storm 
Date 
1/12 
1/19 1/24 
1/31 
2/6 
2/12 
2/15 2/18 
3/3 3/4 
3/8-9 
3/9-10 
3/11 
3/14 
3/19-20 
3/24-25 3/27-28 
4/1-2 
4/2-3 
4/5-6 
4/13 
4/18-19 
4/19-20 
4/20-21 
4/23 
4/26-27 
Number 
of 
Stations 
1 
1 
1 
1 
1 
1 
1 
1 
1 
6 
5 
7 
7 
5 
1 
5 
7 
2 
3 14 
15 
15 
13 
6 
Number 
of 
Samples 
2 
4 
4 
8 
3 4 
26 
34 
23 
33 
47 
3 
45 
44 
16 
15 116 
119 
141 
81 
52 
Number of 
Total Storm 
Samples 
1 
1 
1 
16 
8 
16 
26 
32 
32 
17 
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TABLE 1 (cont'd) 
NUMBER OF BETA SAMPLES ANALYZED IN 1964 
Time Samples 
Storm 
Date 
5/6 
5/8 
5/H 
5/16 
5/19 
6/2 
6/5 
6/12 
6/14 
6/15 
6/20 
6/21 
7/3 
7/8 
7/11-12 
7/18 
7/25 
8/19 
8/21 
8/25 
9/17 
9/23 
Total 
Number 
of 
Stations 
1 
2 
13 1 
3 
2 
6 
14 
1 
1 
1 
1 
1 
4 
5 
4 
5 
4 
1 
1 
1 
1 
1 
194 
Number 
of 
Samples 
7 
8 
78 
4 
15 
13 63 80 
5 
2 
5 
9 
5 
29 
37 
44 
52 
31 
5 
22 
7 
18 
5 
1364 
Number of 
Total Storm 
Samples 
26 
15 
1 
1 
193 
Synoptic Weather Analyses 
Routine synoptic weather analyses of 1963 and 1964 storms have 
been completed. Emphasis to date has been placed upon the surface 
analyses and upon location of the tropopause and the jet stream 
with respect to the sampling network. Also, 500-mb charts have 
been classified by type for correlation with the radioactive 
rainout on the network. 
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1963 Case Studies 
Analyses have been completed on seven 1963 storms for which 
detailed data are available on the rainout of beta, Sr90, and 
Ce144 from the time sampler network and for which PPI and RHI 
radar data are available. These storms are being studied closely 
to determine whether the radioactive rainout correlates strongly 
with such factors as radar-indicated cloud tops, tropopause height, 
jet stream characteristics, location of the sampling station with 
respect to the convective cell from which rain is falling, the 
past history of the rain-producing cell, and development stage of 
the rain cell. It is intended to submit the results of this study 
as a separate research report within the next several months. 
Sr90 AND Ce144 DISTRIBUTION CHARACTERISTICS 
An investigation was made of the distribution characteristics 
of Sr90 and Ce144 concentrations* in 1963 storms through use of 
data from the automatic time samplers. The same analytical pro-
cedures were used as applied to similar data on beta concentrations 
(Huff, 1964). Analyses were made of the variation in Sr90 and 
Ce144 concentrations with the rainfall volume distribution and the 
rainfall time distribution in storms. The distribution patterns 
were then correlated with total storm rainfall, rainfall duration, 
rainfall rate, rainfall type, and synoptic weather type. 
Method of Analyses 
Data from sampling stations in a storm were used only if four 
or more samples were obtained during the storm and if samples were 
obtained throughout the duration of the storm. These restrictions 
were necessary to define satisfactorily the distribution pattern of 
radioactive rainout in a storm as it moved over a sampling station. 
With the above restrictions, 38 cases from eight storms were avail-
able for Sr90 and 36 cases from eight storms for Ce144, 
The normalizing procedure described in the Second Progress 
Report (Huff, 1964) was used in the construction of Sr90 and Ce144 
distribution curves for the 1963 storms to permit correlations 
between stations within a particular storm and from one storm to 
another. In this procedure, the concentration in each sample col-
lected at a sampling station within a particular storm was expressed 
as a ratio to the average concentration for the storm. These ratios 
*Radiochemical Analyses of Sr90 and Ce144 were performed under 
a subcontract with Isotopes, Inc., Westwood, N. J. 
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were then plotted against cumulative percent of storm rainfall (rain 
volume). The distribution curves derived from the plotted data pro-
vide a measure of the variation in Sr90 and Ce144 concentrations 
with the volume distribution of rainfall. 
Distribution curves of rainfall rate were constructed also for 
each case through use of the same normalizing method. In the con-
struction of these curves, the ratio of the sample rainfall rate to 
the average rainfall rate for the entire storm was plotted against 
cumulative percent of storm rainfall. The rainfall rate curves 
provide a means for determining whether progressive changes in 
radionuclide concentration within a storm are related to corres-
ponding changes in rainfall rate, and whether particular types of 
radionuclide distribution patterns are related to particular types 
of rainfall rate distribution patterns. 
Distribution curves for the ratio of the concentration of Ce144 
to Sr90 were plotted on the same graph with the radionuclide con-
centrations and rainfall rate. This was done to ascertain whether 
distinct patterns were present, as in the case of radionuclide con-
centration and rainfall rate, and whether changes in the ratio dis-
tribution within a storm appeared to be related to changes in radio-
nuclide concentration and/or rainfall rate. The ratio curves were 
determined in the same manner as the rainfall rate and rainout 
concentration curves. 
An example of the distribution curves is shown in Figure 3 
for Sr90 concentration, Ce144/Sr90, and rainfall rate at Station E 
in the squall-line storm of June 10, 1963. A total of 0.39 inch 
of rain fell at this station. Figure 3 shows that the rainfall 
rate increased rapidly at the forward edge of the storm, peaked 
early in the storm, and decreased quite rapidly after 40 percent 
of the rain had fallen. The Sr90 concentration decreased rapidly 
during the early part of the storm, reached a minimum when 40 
percent of the rain had fallen, and then increased rapidly again 
in the latter part of the rainfall period, which in this case, 
was in the rear portion of a squall line in advance of a cold 
front. The Ce144/Sr90 ratio showed a slight decrease at the 
start of the rain period followed by a slight increase, after 
which a pronounced decrease occurred from the time about 45 per-
cent of the rain had fallen to the end of the storm. The pro-
nounced decrease in the ratio coincided closely with the rapid 
increase in Sr90 concentration following the occurrence of its 
minimum. The lower ratio indicates that the debris in the rain-
fall in the rear of the squall line was somewhat older, on the 
average, than the debris in the early portion of the storm. In 
turn this suggests that the pronounced increase in concentration 
in the rear of the squall line as it passed over Station E was 
associated with an influx of debris from a different atmospheric 
source region. The ratio relationships in 1963 storms will be 
discussed in greater detail in the forthcoming research report. 
FIG. 3 DISTRIBUTION OF Sr90 CONCENTRATION, 
RAINFALL RATE, AND Ce144/Sr90 AT STATION 
E ON JUNE 10, 1963 
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Similar distribution curves were drawn for each case. From 
these curves, values were tabulated at intervals of 5 to 10 percent 
of the cumulative percent of storm rainfall. The curves were also 
classified by total storm rainfall, rain duration, average rain-
fall rate, rain type, synoptic type, and shape of the radionuclide 
distribution curves, as illustrated in Table 2 of the Second Prog-
ress Report. These tabulations then provided the basic data for 
the study of relationships between the radionuclide distribution 
patterns and various meteorological factors. 
Sr90 and Ce144 Distribution Types 
The radionuclide distribution curves were grouped into the 
same types used in the beta concentration analyses described in 
the Second Progress Report. All cases were included in 5 types. 
Type A is characterized by a rapid decrease in concentration in 
the early part of a storm to a minimum in the mid-portions after 
which the concentration increases again. This type accounted for 
50 percent of the Sr90 cases, and 44 percent of the Ce144 cases. 
As pointed out in the Second Progress Report, 45 percent of the 
87 beta cases in 1963 also had Type A distributions. 
A mean curve for the 16 cases of Type A associated with Ce144 
is shown in Figure 4, along with mean curves for rainfall rate 
and Ce144/Sr90 in the 16 cases. The Sr90 curve is similar to the 
Ce144 curve and, therefore, has not been added to the figure. The 
mean curve indicates a major peak in the Ce144 concentration at 
the start of rainstorms with a rapid decrease to a minimum when 
50-60 percent of the rain has fallen, and then an increase to a 
secondary maximum near the end of the storm. The typical rainfall 
rate distribution associated with these Type A storms shows an in-
crease to a maximum when approximately 40 percent of the rain has 
fallen. Figure 4 indicates that, on the average, the minimum in 
the Ce144 conc atration lagged the rainfall rate peak by 15 to 20 
percent with respect to cumulative percent of storm rainfall. A 
similar lag was found with the 1963 beta data (Huff, 1964). In 
the 16 cases, the ratio of Ce144/Sr90 showed a tendency for a peak 
to occur in the early part of storms, followed by a general de-
crease after approximately 40 percent of the rain had fallen. Thus, 
the ratio indicates a tendency for the radioactive debris in the 
latter portions of Type A storms to originate from a source region 
older than that at the start of storms. 
Types B and C are also illustrated in Figure 4, and along with 
Type A, accounted for 86 percent of the Ce144 cases. Type B shows 
a rapid decrease in the early portions of a storm with the decrease 
in concentration continuing throughout the storm, but at a lesser 
rate in the latter portions. The Ce144/Sr90 ratio with the Type B 
storms tends to follow the patternsof the Ce144 concentration; 
that is, the ratio decreases throughout the storm, but the rate of 
decrease is much higher in the early portions of the rainfall. 
FIG. 4 AVERAGE RELATIONS FOR THE THREE MAJOR DISTRIBUTION PATTERNS 
OF Ce144 CONCENTRATION IN 1963 STORMS 
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Type C (Fig. 4) was found in 9 of the 36 cases of Ce144 dis-
tributions analyzed. This type was characterized by an increase 
in radionuclide concentration at the start of a storm to a maximum 
when 20-30 percent of the rain had fallen, after which a rapid 
decrease took place until a slight secondary peak occurred near 
the end of the rain period. The average Ce144/Sr90 ratio showed 
an increase to a maximum value when approximately 30 percent of the 
rain had fallen, after which a relatively rapid decrease took place 
until a reversal occurred near the end of rainfall. In the nine 
Type C cases, the major peak in the rainfall rate distribution 
tended to lag the Ce144 concentration peak considerably, as in-
dicated in Figure 4, but a secondary peak is indicated near the 
Ce144 peak. 
The two minor types of radionuclide concentration are similar 
to Type B in the early portion of storms. Type D has a secondary 
maximum in the latter part of the rainfall period and Type E be-
comes nearly constant in the latter portions of the storm, whereas 
Type B continues to show decreasing concentration throughout the 
storm. 
Relation Between Sr90 and Ce144 Distributions 
and Rainfall Factors 
An investigation was made of the effect of various rainfall 
factors upon the shape of the distribution curves of Sr90 and 
Ce144 and upon the magnitude of the values along these curves. 
The same procedures were followed as described in conjunction with 
the beta studies in the Second Progress Report, and will not be 
described in detail here. As expected, results were similar to 
those obtained in the beta analyses. Briefly summarized, the re-
sults indicate that the characteristics of the distribution curves 
of Sr90 and Ce144 concentration are not strongly related to total 
storm rainfall, rainfall duration, and average rainfall rate. 
Characteristics of Sr90 and Ce144 Point Depositions 
Figure 5 shows average deposition curves for Sr90 and Ce144, 
based upon 1963 cases in which four or more time samples were 
collected during a storm at a station, and for which accurate 
recording raingage data were available. Cumulative percent of 
storm rainfall has been plotted against cumulative percent of 
total deposition in construction of these distribution curves. 
The two curves show similar shapes, but the cumulative percent of 
fallout is slightly greater for Ce144 until near the end of rain-
fall. The curves show a trend for a greater portion of the surface 
deposition to occur in the first half of the storm compared to the 
second half. Thus, on the average in the 1963 storms sampled, 
approximately 66 percent of the Ce144 rainout occurred during the 
FIG. 5 AVERAGE DEPOSITION DISTRIBUTION 
OF Sr90 AND Ce144 IN 1963 STORMS 
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time the first 50 percent of the rainfall was recorded, and 63 per-
cent of the Sr90 rainout was recorded during the first half of the 
rainfall. 
Table 2 shows the deposition distribution in several 1963 
storms. In most cases, the Ce144 rainout exceeded the Sr90 rain-
out until late in the storm period, as indicated by the average 
curves discussed above. In all cases, over 50 percent of the 
deposition occurred during the first half of the rainfall, and, 
occasionally, the deposition exceeded 70 percent of the total 
during the first 50 percent of the rainfall. This trend for the 
major portion of the rainout to occur with the first half of the 
rainfall reflects the effects of the relatively high concentra-
tions of radioactivity which occur frequently in the early part 
of storms, as discussed elsewhere in this report. 
Characteristics of Ce144/Sr90 Ratio 
A total of 34 time-sampler cases in eight storms during the 
period from April to July 1963 were available for investigation 
of the characteristics of the ratio of Ce144/Sr90 in convective 
storms. When all 34 cases were combined to obtain a seasonal 
average, the distribution curve shown in Figure 6 (solid line) 
was obtained. This average curve indicates a trend for the ratio 
to remain relatively constant until approximately 40 percent of 
the rain has fallen, after which it displays a pronounced decrease 
throughout the rest of the storm. In all 34 cases, the peak ratio 
occurred during the first half of the rainfall. 
The April-July average curve indicates a trend for the rain-
fall in the latter portions of storms to contain radioactive debris 
of an older average age than is found in the early portion of 
storms. A satisfactory explanation of the observed trend is not 
available at this time. Initial efforts to relate the ratio dis-
tribution characteristics to several meteorological factors, such 
as rate and duration of rainfall and storm type, have not revealed 
significant relationships. One possibility is that the higher 
ratios at the start of storms are associated with low-level en-
trainment of surface-contaminated air into the leading edge of 
the storms. This low-level air, polluted with surface dirt, could 
be relatively rich in Ce144 in comparison with Sr90 due to greater 
leaching of the Sr90 fallout into the soil. This condition would 
then result in a relatively high ratio at the start of storms due 
to the recycling of previous surface fallout. Evidence was pre-
sented in the Second Progress Report (Huff, 1964) which indicates 
that the trend for relatively high concentrations of radioactive 
rainout at the start of storms is related also to the entrainment 
of surface-contaminated air into the leading edges of the storms. 
FIG. 6 DISTRIBUTION OF Ce144/Sr90 IN 1963 
STORMS 
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TABLE 2 
DEPOSITION DISTRIBUTION OF Sr90 AND Ce144 IN 1963 STORMS 
Cumulative Percent of Deposition at Given Cumulative Percent of Rainfall 
Storm 
Date 
4/22 
5/4 
6/10 
6/13 
6/19 
7/1 
Number 
of 
Stations 
4 
4 
4 4 
7 
7 
2 
2 
4 4 
3 3 
Radio-
nuclide 
Sr90 
Ce144 
Sr90 Ce144 
Sr90 
Ce144 
Sr90 
Ce144 
Sr90 
Ce144 
Sr90 
Ce144 
10 20 30 40 50 60 70 80 90 
14 
14 
28 
24 38 37 
48 
47 
58 
57 
64 
65 
73 74 
84 
83 
92 
92 
17 11 33 38 
42 
48 
52 
57 59 64 67 70 
74 
77 
82 84 90 91 
15 18 25 34 36 44 42 52 
48 
59 
55 66 62 72 69 80 
82 
89 
27 40 54 56 
60 
66 
66 
74 71 80 76 84 82 89 
86 
92 
94 
96 
40 
65 
54 
71 
60 
78 
66 
84 73 89 
80 
94 
88 
96 
94 
98 
15 22 
30 
33 
39 
43 
49 
51 
56 60 63 69 
72 
76 
84 
84 92 92 
Ratio distribution curves for the 34 cases were grouped ac-
cording to the same distribution types used for classifying the 
concentration patterns of Ce144 and Sr90. This revealed a strong 
trend for Type C distributions. Type C was found in 20 cases, or 
59 percent of the time. Type B occurred six times, Type D was 
found in four cases, and Type E prevailed in four cases. An aver-
age curve for the Type C cases is shown in Figure 6 (dashed line)". 
The median position of the peak ratio with Type C storms occurred 
when 30 percent of the rain had fallen, and 65 percent of the time 
the peak occurred when 25 to 45 percent of the rain had been re-
corded. With Types B, D, and E, of course, the maximum ratio occurs 
at the start of rainfall. 
Areal and Time Variability of Ce144/Sr90 
A measure of the areal variability of the Ce144/Sr90 ratio in 
convective storms is provided in Table 3. Data from the 1963 sam-
pling network (Fig. 1) were used in compilation of this table which 
shows the average ratio for each storm, the number of stations upon 
which the average is based, and the coefficient of variation. The 
coefficient of variation provides a measure of the relative 
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variability within the network which encompassed 6000 square miles 
in the April-May storms and 3000 square miles in the June-July 
storms. The coefficient of variation, expressed as a percentage, 
is calculated as follows: 
Table 3 shows network ratio averages ranging from 12 to 24 
with the relative variability of the ratio ranging from 18 to 49 
percent within the 10-storm sample. These data indicate that the 
radioactive rainout in convective storm systems usually incorpor-
ates radioactive particulates from several atmospheric source 
regions within distances of a few miles in such storms. In gen-
eral, the areal variability in Ce144/Sr90 is less than that found 
with the concentration and deposition of Ce144 and Sr90 (Table 18). 
The time variability in the ratio of Ce144/Sr90 is shown for 
several stations in the squall-line storm of June 10, 1963 in 
Table 4 to illustrate the typical variability within a thunderstorm 
as it passes over a point. Only stations with four or more time 
samples were used in this tabulation. Among the stations, the 
relative variability varied from a relatively small value of 7 
percent at Station N to a large value of 73 percent at Station R. 
The median was 45 percent for the seven stations. Combining 34 
cases from eight storms during 1963 in which stations had four or 
more time samples, a median of 45 percent was obtained for the 
time relative variability. The median value of areal variability 
for Ce144/Sr90 was 36 percent (Table 3). Thus, the time varia-
bility within a storm passing a point appears to be of the same 
general magnitude as the areal variability in storms affecting 
areas of 3000 to 6000 square miles. The general conclusion is 
that both the time and space variability in the ratio of Ce144/Sr90 
are frequently high, 
TABLE 3 
AREAL VARIABILITY OF Ce144/Sr90 IN 1963 STORMS 
Date 
Number 
of 
Stations 
Average 
Network 
Ratio 
Coefficient of 
Variation (%) 
4/17 8 lb 19 4/19 8 19 42 
4/22 12 21 25 
5/4 6 22 33 6/10 12 18 18 
6/13 9 24 40 
6/19 13 15 39 7/1 13 14 19 
7/13 15 19 49 7/20 12 12 44 
Median 19 36 
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TABLE 4 
TIME VARIABILITY OF Ce144/Sr90 IN STORM OF 6/10/63 
Station 
E 
G 
K 
M 
N 
R 
T 
Median 
Number 
of 
Samples 
6 
5 
5 
4 
6 
6 
4 
Mean 
Ratio 
20 
19 
15 
19 
19 
19 
22 
19 
Coefficient of 
Variation (%) 
45 
18 
61 
43 
7 
73 
11 
45 
BETA DISTRIBUTION CHARACTERISTICS 
During 1963-1964, a total of 215 storm profiles of beta con-
centration from 60 storms was constructed from time sampler data. 
Time-sampler analyses were restricted to storms in which four rain-
water samples were collected at a station to define the distribu-
tion curve and in which data were obtained from the beginning to 
the end of the rainstorm. The analyses procedure and grouping of 
profile types have been described in detail in the Second Progress 
Report (Huff, 1964) and briefly summarized earlier in this report 
in the discussion of Sr90 and Ce144 distribution characteristics. 
The frequency distribution of the beta profiles by type during 
1963-1964 is presented in Table 5. Average distribution curves 
are shown in Figure 7 for six of the eight distinct types, based 
upon the 1963-1964 samples. The three major types (A, B, D) ac-
counted for 64 percent of the cases. Minor irregularities in the 
beta profile curves were smoothed in classifying the profiles by 
type. 
Beta Distribution Types 
Type A, the most common type, was found in 35 percent of the 
cases, as shown in Table 5. Figure 7 shows that this type has a 
rapid decrease in beta concentration early in a storm. Based upon 
1963-1964 data the minimum concentration Is reached, on the aver-
age, when approximately 60 percent of the rain has fallen, after 
which the concentration increases until the end of the storm. 
Table 6 shows the location of the beta minimum concentration In 
the 75 Type A storms with respect to cumulative volume of rainfall. 
FIG. 7 AVERAGE RELATIONS FOR SIX MAJOR DISTRIBUTION 
PATTERNS OF BETA CONCENTRATION IN 1963-1964 STORMS 
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TABLE 5 
FREQUENCY DISTRIBUTION OF 1963-1964 
BETA PROFILES BY CURVE TYPE 
Curve 
Type 
A 
B 
C 
D 
E 
F 
G 
H 
Others 
Number 
of 
Cases 
75 
31 
19 
32 
16 
3 6 
17 
16 
Percent of 
Total Cases 
35 14 
9 
15 
7 
2 
3 
8 
7 
TABLE 6 
LOCATION OF BETA CONCENTRATION MINIMUM WITH 
TYPE A STORMS IN 1963-1964 
Cumulative Percent 
of Storm Rainfall 
Number 
of 
Cases 
Percent of 
Total Cases 
Thus, the minimum occurred most frequently (25 times) when 6l to 
70 percent of the storm rainfall had been recorded, and it occurred 
in 71 percent of the cases when 51 to 80 percent of the rain had 
fallen. In general, the Type A curves for 1963-1964 beta data in 
Figure 7 and for 1963 Ce144 data in Figure 4 are very similar. The 
range in values from peak to minimum concentrations is somewhat 
less with Ce144 and the minimum occurs a little sooner, on the aver-
age, with Ce144. However, these differences between the beta and 
Ce144 curves may be wholly or largely due to the vagaries of sampling. 
The average curve for 31 cases of Type B profiles of beta 
concentration is shown in Figure 7. This type is characterized by 
a decrease in concentration from the start to end of rainfall, but 
the rate of decrease is usually more rapid at the start of a storm. 
21-30 3 4 31-40 9 12 41-50 9 12 51-60 16 22 
61-70 25 33 71-80 12 16 81-90 1 1 
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Type C was found in 9 percent of the 1963-1964 cases. The 
average Type C curve (Fig. 7) shows a decrease in beta concentra-
tion at the start of rainfall, followed by a second peak in con-
centration when approximately 55 percent of the rain has fallen. 
The concentration then decreases until the end of rainfall. Fig-
ure 4 shows that the peak in the average Type C curve for 1963 
Ce144 concentrations occurred earlier than the peak in the 1963-
1964 average beta curve. Also, the Ce144 curve does not show the 
pronounced peak in concentration at the start of storms indicated 
by the beta curve, and it has a slight secondary peak not apparent 
on the beta curve. The Ce144 curve is based upon 9 cases compared 
to 19 cases for the beta curve, and the differences are probably 
due to sampling variations. Such distinct differences were not 
found with Type A storms for which a larger sample was available 
for construction of average curves. 
Type D curves were found in 15 percent of the 1963-1964 
cases. Type D is similar to Types B and C in some respects. 
Similar to Type C, it has a second peak in beta concentration 
following an initial peak at the start of rainfall, but the second 
peak usually occurs later in the storm period than the Type C peak. 
In the early part of rainstorms, Type D is similar to Type B in 
that the beta concentration decreases rapidly from a relatively 
high initial concentration. Without the secondary concentration 
peak, Type D would be very similar to Type B. On the average, the 
secondary peak in Type D storms during 1963-1964 was found to occur 
when 70 percent of the rain had fallen. 
Type E, which was found in 7 percent of the 1963-1964 storms, 
is intermediate between Types A and B; the beta concentration de-
creases rapidly in the early part of a storm and then becomes 
relatively steady throughout the remainder of the rain period. 
The steady concentration began, on the average, when 60 to 70 per-
cent of the rain had fallen. Type E differs from Type A in that 
no significant increase in concentration occurs near the end of 
the storm period after the minimum has been reached. Similarly, 
the major difference from Type B is that the concentration remains 
relatively constant during the latter portions of rainfall, whereas 
Type B storms continue to show a significant decrease late in storm 
periods. 
Type F (not illustrated) which occurred in only 2 percent of 
the cases is the opposite of Type B; that is, the beta concentration 
shows a general increase in activity from the beginning to the end 
of rainfall. Type G (not illustrated) resembles Type D in reverse, 
that is, a minor peak occurs in the early portion of the rainfall 
and the latter portion of the storm period is characterized by a 
relatively strong increase in concentration. Type G was found in 
only 3 percent of the storms. 
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Type H (Fig. 7) shows a relative rapid decrease in concentra-
tion in the early stages of rainfall, followed by a secondary peak 
in concentration in the middle to latter portions of the rainfall. 
Type H is quite similar to Type D up to this point. However, Type H 
shows a relatively strong increase in concentration in the latter 
part of the rainfall, whereas Type D shows a decrease at this stage. 
In general, the increase in concentration at the end of the rainfall 
period with Type H storms tends to be stronger than the increase 
associated with Type A storms. 
The 16 storms listed as "others" in Table 5 showed generally 
complex patterns of high and low concentrations during a storm, 
and could not be assigned to one of the eight groups discussed in 
the preceding paragraphs. Several more groups would have been 
necessary to assign these few cases according to similarity of 
profile characteristics. 
Relation Between Beta Distribution and Rainfall Factors 
The 128 time-sampler cases from 1964 were separated by type 
and used to investigate further the effect of various rainfall 
factors upon the shape of beta concentration profiles and upon the 
magnitude of the values along these curves. Volume, duration, 
average rate, and type of rainfall were investigated, through use 
of the procedures described in the Second Progress Report. Results 
of this investigation verified the results of the 1963 study pre-
sented in the Second Progress Report. No evidence was found that 
the characteristics of the beta concentration distribution at a 
specific point in a convective storm are determined uniquely by a 
single rainfall parameter measured at the same point. These re-
sults do not preclude the possibility of a relatively strong rela-
tionship between the areal patterns of beta activity and rainfall. 
Areal relationships are discussed in a later section of this report. 
Relation Between Beta Distribution and Synoptic Weather Types 
In continuation of 1963 studies, the frequency distribution 
of the 215 time-sampler cases obtained from 1963-1964 operations 
was determined with respect to synoptic type associated with the 
rainfall. Four basic types of synoptic storms were used; these 
included storms associated with cold fronts, warm fronts, unstable 
air masses, and low center passages. Warm frontal rainfall in-
cluded precipitation associated with stationary fronts located 
south of the sampling network, in addition to rain associated with 
the approach and passage of warm fronts. Low-center rainfall in-
cluded all storms in which a low center passed through or near the 
network, usually accompanied by warm and/or cold front passages 
also. Air mass rainfall included precipitation that occurred in 
the absence of fronts within several hundred miles, and in 1963-
1964 was confined to storms in mT air masses. Pre-cold frontal 
squall lines were included in the cold front group. 
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Results of the synoptic weather analyses are summarized in 
Tables 7 and 8. Table 7 shows the distribution of time-sampler 
cases with respect to synoptic type. Warm frontal rainfall domi-
nated the 1963-1964 period. A majority of these cases were 
associated with quasi-stationary fronts south of the network, a 
common rainfall situation in central Illinois. Table 8 shows the 
percentage distribution of synoptic weather types associated with 
each of the six major types of beta distributions which accounted 
for 88 percent of the 1963-1964 cases. Comparison of the percen-
tage values in Table 7 with the beta Type A distribution in 
Table 8 does not indicate large departures from the expected 
percentage distribution. For example, cold fronts accounted for 
30 percent of the Type A cases compared to an expected percentage 
of 25 percent (Table 7), if there were not correlation between 
beta type and synoptic type. The difference (5 percent) is 
easily within the range of variability which could be attributed 
to sampling errors. Type C was similar to Type A in its distri-
bution with respect to synoptic type. 
The 2-year sample does indicate a trend for Type B and Type D 
to be biased toward warm front occurrences, since warm fronts ac-
counted for 65 and 63 percent of the cases compared to an expected 
percentage of 50, if no relationship is assumed. Type B was not 
found with air mass storms, and its occurrence was considerably 
below normal with cold fronts. Type D occurred infrequently with 
air mass storms and low center passages'. Type H was biased toward 
association with air mass storms with an occurrence frequency of 
47 percent compared to an expected probability of 10 percent, if 
Type H was randomly distributed among the synoptic types. 
TABLE 7 
DISTRIBUTION OP SYNOPTIC WEATHER TYPES, 1963-1964 
Storm 
Type 
Cold Front 
Warm Front 
Air Mass 
Low Center 
Number 
of 
Cases 
54 
108 
28 
25 
Percent of 
Total Cases 
25 
50 
13 
12 
-24-
TABLE 8 
RELATION BETWEEN BETA DISTRIBUTION TYPE AND 
SYNOPTIC WEATHER TYPE, 1963-1964 
Beta 
Type 
A 
B 
C 
D 
E 
H 
Number 
of 
Cases 
75 
31 
19 
32 
16 
17 
Cold 
Front 
30 
16 
32 
28 
31 12 
Percent of Total Cases 
Warm 
Front 
44 
65 
42 
63 
38 
41 
Air 
Mass 
13 0 
10 
3 
19 
47 
Low 
Center 
13 
19 
16 6 
12 
0 
Rainfall Rate Distributions 
Rainfall rate profiles were classified according to type of 
storm distribution in the same manner as the beta profiles, through 
use of the classification system described and illustrated in the 
Second Progress Report (page 24 and Fig. 8). Type 1 is a single-
burst storm in which the peak rate is reached some time after the 
start of rainfall. Type ls is a single-burst storm in which the 
rate peak occurs almost simultaneously with the beginning of rain-
fall. Type lsf is a single-burst type in which the maximum rate 
is found near the start of rainfall, but the peak rate continues 
at an approximately uniform rate throughout a considerable portion 
of the storm. Type le is the opposite of Type ls, in that the 
rainfall rate shows a general increase throughout the storm, with 
the peak rate found near the end of the rain period. Type lp is 
a two-burst storm in which the first burst occurs almost simultane-
ously with the start of rainfall, similar to Type ls. Type 2 is a 
double-burst storm in which both rate peaks occur sometime after 
the start of rainfall. Similarly, Type 3 is a three-peak storm 
and Type 4 is a storm with four distinct rate peaks during its life. 
The frequency distribution of the rainfall rate types for the 
1963-1964 sampling period is summarized in Table 9. Type 1 occurred 
most frequently, 89 times or in 41 percent of the storms. Type 2 
ranked second with 53 cases and 25 percent of the total occurrences. 
With Type 1, the median value of the rainfall rate peak was at 50 
percent of the cumulative volume of rainfall. Over three-fourths 
of the time, the peak in Type 1 storms occurred when 35 to 65 per-
cent of the rain had fallen. 
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TABLE 9 
FREQUENCY DISTRIBUTION OF RAINFALL RATE TYPES IN 1963-1964 
Type 
1 
2 
3 
4 
1s 
1sf 
1e 
lp 1, 1s, 1sf, 1e 
1p, 2, 3, 4 
Number of 
Cases 
89 
53 
11 
4 
14 
17 
3 
24 
123 
92 
Percent of 
Total Cases 
41 
25 
5 
2 
7 
8 
1 
11 
57 
43 
Comparison Between Beta and Rainfall Rate Profiles 
Analyses were made to determine whether particular types of 
beta and rainfall rate distributions tended to be associated. 
Table 10 shows the percentage frequency distribution of each beta 
type with respect to the eight rainfall rate types. Comparison 
of this table with the last column of Table 9 provides a measure 
of the association between beta type and rainfall rate type. Thus, 
Table 10 shows that beta Type A was associated with rainfall rate 
Type 1 in 47 percent of the cases, which is slightly above the 
average frequency of 41 percent (Table 9) for all beta types com-
bined. Except for a relatively infrequent occurrence with rainfall 
rate Type 2, no large departures from average are indicated for 
beta Type A in Tables 9 and 10. In most cases, large departures 
from average are not shown for the other beta types either, at 
least, not beyond differences which could easily arise from sam-
pling error with the number of samples involved. At the bottom " 
of Table 10, all single-burst storms have been combined into one 
class and all multiple-burst storms into another class, in order 
to increase the sample size and evaluate overall trends. These 
combinations, when compared with similar combinations in Table 9, 
indicate a trend for beta Types A and B to be associated more 
frequently with single-burst storms than would be predicted from 
the statistics in Table 9. Similarly, Type H has a tendency to 
be associated more frequently than expected with multiple-burst 
storms. Departures from average of beta Types C, D, and E are 
slight. 
Next, data on the time distribution of rainfall rate in the 
1963-1964 storms were compared with similar data on beta distribu-
tions. These comparisons revealed a strong trend for the minimum in 
the beta Type A curves (Fig. 7) to occur at or shortly after the 
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TABLE 10 
RELATION BETWEEN BETA CONCENTRATION TYPE AND RAINFALL RATE TYPE IN 1963-1964 STORMS 
Rainfall Rate 
Type 
Percent of Total Cases for Given Beta Type 
A 
47 
14 
5 
1 
8 11 
1 
13 
67 
33 
75 
B 
52 
22 
0 
0 
10 
6 
0 
10 
68 
32 
31 
C 
32 
32 
0 
5 
11 
10 
5 
5 
58 
42 
19 
D 
41 
28 
3 
0 
10 
9 
0 
9 
60 
40 
32 
E 
50 
19 
0 
0 
0 
6 
6 
19 
62 
38 
16 
H 
41 
29 
18 
0 
0 
0 
0 
12 
41 
59 
17 
occurrence of a peak in the rainfall rate profile. In 75 percent 
of the 1963-1964 cases of Type A associated with convective storms 
(RW, TRW), the beta minimum occurred within three minutes after a 
peak in the rainfall rate distribution. However, poor correlation 
existed with the few cases of steady rainfall. The beta minimum 
occurred near a rainfall rate maximum in only one of seven Type A 
cases associated with steady rain. When Type A distributions were 
associated with double-burst storms the beta minimum was usually 
associated with the second rainfall rate peak, and in these cases 
the first rainfall rate peak had little influence on the shape of 
the beta curve. Thus, most of the time the beta minimum resulted 
from an increase in the volume of rainfall per unit time, and this 
greater volume was more dilute with respect to radioactive particu-
lates. Type A profiles appear to be typical of distributions in 
mature convective systems (Huff, 1964). 
Time comparisons between rainfall rate and beta Type C storms 
indicated a strong trend for the mid-storm beta concentration peak 
to be associated closely with a peak in the rainfall rate distri-
bution. This trend is opposite to the beta Type A relationship in 
which rainfall peaks were associated with beta minima. In 63 per-
cent of the cases of convective showers with Type C profiles during 
1963-1964, the beta peak occurred within three minutes after a 
rainfall rate peak. In 74 percent of the cases, the beta peak 
occurred within five minutes after a peak in the rainfall rate 
profile. As pointed out in the Second Progress Report, the Type C 
profiles could result from penetration of the stratosphere by a 
convective cell or from interception of a stratospheric extrusion 
in the troposphere (Danielsen, 1964). 
1 
2 
3 
4 
1s 
1sf 
1e 
1p 
1, 1s, 1sf, 1e 
1p , 2, 3, 4 
Number of Cases 
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Beta Type D profiles did not show as strong correlation with 
rainfall rate peaks as Types A and C. However, in 48 percent of 
the cases, the secondary beta peak in the latter portions of storms 
(Pig. 7) occurred within three minutes following a peak In the 
rainfall rate distribution. The beta minimum preceding the 
secondary beta peak was associated with a peak in the rainfall 
rate distribution In 37 percent of the cases. 
When beta Type H (Pig. 7) occurred with a single-burst con-
vective storm, the rainfall rate peak was associated closely with 
a beta minimum in all five cases. With multiple-burst storms, it 
was found that both beta minima in the Type H curves were associ-
ated closely with peaks in the rainfall rate distribution in two 
out of five cases. In the other three cases, one of the beta 
minima had a rainfall rate peak associated with it. 
Comparison of the time distribution of rainfall rate and beta 
concentration in storms with beta Types B and E did not reveal 
strong correlations. In 44 percent of the Type B cases, one of 
the rainfall peaks occurred close to a significant deceleration in 
the concentration decrease; otherwise, the rainfall peaks appeared 
to have little effect upon the behavior of the Type B profiles. 
With beta Type E storms, a rainfall rate peak was found near the 
time that the flattening of the E-curve took place in 29 percent 
of the cases, which is insufficient to be considered a significant 
characteristic. 
Beta Concentration at Start and End of Storm 
A common characteristic of the beta distribution curves 
(Pig. 7) is the strong trend for a peak in the beta concentration 
profile at the start of rainstorms. An increase in concentration 
at the end of storms is found also with Type A and Type H distri-
butions. Following the analysis procedure described in the Second 
Progress Report, calculations were made of the ratio of the beta 
concentration in the first sample to the concentration in the 
second sample. This was done to provide a quantitative measure 
of the initial peak concentration. Similarly, the ratio of the 
concentration in the last sample to the concentration in the next 
to the last sample was used as a measure of the trend at the end 
of storms. 
When 128 cases of beta distributions in 1964 were combined, 
a median ratio of 2.0 was obtained between the first and second 
samples. A median of 1.0 was obtained between the last two sam-
ples. A total of 73 cases were available from 1963 data and these 
data showed a median of 1.8 at the start of storms, whereas the 
ratio between the last two samples was 1.2. Concentrations were 
considerably higher in 1963 than in 1964, on the average, so that 
the above results Indicate the relationships are not highly 
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dependent upon the intensity of radioactive rainout. In 1964 
storms, a decrease in excess of 10 percent occurred between the 
first and second samples in 84 percent of the cases, compared to 
80 percent of the cases in 1963. These calculations further em-
phasize the rapid decrease in beta concentrations at the start of 
storms. An increase in excess of 10 percent in beta concentration 
at the end of storms occurred in 44 percent of the 1964 storms 
compared to 45 percent in 1963. Again, the statistics are strik-
ingly similar between the two years, despite a relatively large 
decrease in the average beta concentration from 1963 to 1964. 
Table 11 shows median values of initial ratios (S1/S2) and final ratios (L/L-1) in 1964 storms in which a series of time 
samples was obtained at four or more time samplers. Mean rain-
fall is the average for the stations used in preparation of the 
table. Two of the storms, 4/23 and 6/5, were dominated by steady 
type rain (R) instead of convective rainfall (RW, TRW). The 
initial ratio in these two storms ranked first and second among 
the 11 storms. Also, the storm of 6/5 had the highest ratio be-
tween the last two samples. These limited data indicate that the 
initial and final ratios are as high or higher in steady rainfall 
as in shower rainfall. 
In 1964, 35 cases were available from the 128 time-sampler 
cases in which two or more distinct bursts took place without 
cessation of rainfall between bursts during storms. These 35 
cases were used to augment 1963 studies in which an investigation 
was made to determine whether an increase in beta concentration 
tended to occur at the start of new bursts in storms following the 
initial burst. Such information is valuable in determining the 
causes of the initially high beta concentration. In these 35 
cases, the ratio of the concentration in the first sample to the 
concentration in the second sample was calculated for both the 
first and second storm bursts. The median ratio at the start of 
the storm (first burst) was 2.0 for the 35 cases, the same ratio 
as found for all 128 cases analyzed in 1964. The median ratio in 
the second burst was 1.0. A similar study was made with 1963 data 
(Second Progress Report), based upon 33 cases, and a median of 
1.2 was found at the start of new bursts compared to 1.8 with the 
initial burst. Thus, the calculations for the 2-year period in-
dicate that the high beta concentration is primarily a boundary 
condition which exists at the leading edge of rainstorm systems. 
In another phase of the study, the ratios of the concentra-
tion in the first and last samples to the average concentration 
(A) were calculated and grouped according to total storm rainfall, 
rainfall duration, and average rainfall rate. This was done to 
determine whether the relative magnitude of the initial sample (S1) and last sample (L) might vary with the above rainfall factors. 
Results of this analysis are summarized in Table 12, in which 
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TABLE 11 
MEDIAN BETA CONCENTRATION RATIOS AT START AND END OF 1964 STORMS 
Date 
Number 
of 
Cases S1/S2 L/L-1 
Mean 
Rainfall 
(in.) 
TABLE 12 
RELATION OF INITIAL AND FINAL BETA CONCENTRATION TO RAINFALL FACTORS 
Storm Rainfall 
(in.) 
0.11-0.20 
0.21-0.30 
0.31-0.50 
0.51-1.00 
Rain Duration 
(hrs.) 
0.1-1.0 
1.1-2.0 
2.1-3.0 
3.1-6.0 
Over 6.0 
Average R a i n f a l l 
Rate 
( i n . / h r . ) 
0 .11-0 .25 
0 .26-0 .50 
0 .51-1 .00 
1.01-1.50 
Over 1.50 
S1/A 
1.7 
1.9 
2 .2 
2 .3 
S1/A 
1.9 
2 .0 
2.3 
2.7 
2.2 
S1/A 
2 .0 
2 .1 
1.8 
2.3 
2.2 
L/A 
0.7 
0.7 
0.7 
1.7 
L/A 
0.7 
0.8 
0.9 
1.0 
1.9 
L/A 
1.1 
0.8 
0.7 
0.7 
0.8 
Number of 
Cases 
15 
45 
52 
16 
Number of 
Cases 
57 42 
7 
16 
6 
Number of 
Cases 
28 
28 
30 
11 
23 
3/8-9 5 1.6 0.9 0.30 
4/18-19 12 1.5 1.0 0.34 
4/19-20 11 1.9 1.1 0.30 
4/20-21 15 1.8 0.7 0.41 
4/23 12 3.8 1.0 0.34 
4/26-27 6 1.2 1.2 0.32 
5/11 7 1.7 1.1 0.27 
6/5 5 2.5 2.2 0.53 
6/12 7 2.5 1.4 0.37 
7/8 4 1.9 1.0 0.45 
7/25 4 1.4 1.4 0.31 
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average values from 1964 data are shown. This table indicates a 
trend for S,/A to increase with increasing storm rainfall, similar 
to the findings with 1963 data presented in the Second Progress 
Report. Very little trend is evident in L/A as the storm rainfall 
changes. Both S1/A and L/A indicated a general trend to increase with increasing rain duration for storms lasting up to six hours. 
L/A increased rapidly In heavy rainstorms of long duration 
(0.51"-1.00", over 6 hrs.). No significant trends appear to exist 
with rainfall rate in the 1964 data. 
RELATION BETWEEN CONCENTRATIONS OF BETA, Sr90 AND Ce144 
Data from the 1963 sampling networks were used in an inves-
tigation of the relationship between the concentrations of beta, 
Sr90, and Ce144. The primary purpose of this study was to deter-
mine the degree of relationship between gross beta and Individual 
radionuclides, so that the feasibility of using beta measurements 
for atmospheric rainout studies could be evaluated. As pointed 
out in the Second Progress Report, beta analyses provide a rela-
tively inexpensive source of data to conduct studies on the atmos-
pheric processes involved in the rainout of radioactivity, if the 
results of such studies are applicable also to the rainout of in-
dividual radionuclides, such as Sr90 and Ce144. 
Table 13 shows correlation coefficients between the concen-
trations of beta, Sr90, and Ce144 for several individual storm 
dates in 1963, for three April storms combined, and for all 1963 
storms in which the same samples were analyzed for beta, Sr90, 
and Ce144. The logarithms of the concentrations were used in the 
analyses, based upon graphical plots of the data. Table 13 in-
dicates relatively strong correlation between beta and the in-
dividual radionuclides. Furthermore, the relationship between 
beta and the radionuclides is as strong as between the two in-
dividual radionuclides. Consequently, it appears that beta-
derived atmospheric relationships should be indicative of rela-
tionships for Individual isotopes. The 184 samples used in the 
correlations are sufficient to make the results of this analysis 
highly significant. 
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TABLE 13 
CORRELATION BETWEEN BETA, Sr90 AND Ce144 
RAINWATER CONCENTRATIONS IN 1963 
Correlation Coefficients 
Date 
4/17, 4/19, 4/22 
5/4 
6/10 
7/1 
7/13 
All Storms 
Combined 
Beta-
Sr90 
0.76 
0.86 
0.90 
O.85 
0.77 
0.92 
Beta-
Ce144 
0.77 0.92 
0.93 0.88 
O.83 
0.93 
Sr90-
Ce144 
0.78 
0.84 
O.87 
0.77 
0.72 
0.91 
Number 
of 
Samples 
29 22 
43 32 
47 
184 
CORRELATION ANALYSES 
Correlation Between Sr90 Rainout and Meteorological Factors 
Simple and multiple correlation coefficients were calculated 
between Sr90 concentration and deposition and several meteorologi-
cal factors in convective rainstorms through use of total storm 
samples from the 1963 sampling network. The meteorological vari-
ables included distance and direction of the sampling station from 
the jet stream, tropopause height, cloud tops, difference between 
tropopause height and cloud tops, rainfall volume, and average 
rainfall rate. The relationship of one or more of the above mete-
orological variables to the rainout of radioactivity has been sug-
gested by several previous investigators, such as Walton (1961) 
and Kruger and Hosier (1963). The Illinois study discussed here 
was made in an effort to evaluate further the possible relation-
ships through use of data from a concentrated network of sampling 
stations, radar observations of the vertical and horizontal extent 
of convective storms, and synoptic weather data. 
In the correlation analyses, the concentration and deposition 
of Sr90, rainfall volume, and rainfall rate were expressed in 
logarithms. Linear values of jet stream distance, tropopause 
height, and cloud tops were used. The logarithm and linear forms 
were based upon graphical plots of Sr90 concentration and deposi-
tion against the several meteorological factors. 
Radar-indicated cloud tops obtained with the TPS-10, 3-cm, 
RHI set were used as the cloud top parameter. Photographs of the 
RHI presentation were made at intervals of approximately five 
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minutes when a storm was passing over the rainwater sampling net-
work. Maximum height of the cloud tops was used in the analyses 
instead of average heights, since graphical plots of both param-
eters against Sr90 concentration indicated a slightly better cor-
relation with maximum tops. When only a single cell passed over 
the sampling station, the radar-indicated maximum top was defined 
as the maximum height observed upwind of the rainwater sampling 
station as the storm approached. When several cells moved across 
a station during a storm, an average of the maximum tops was used. 
The maximum cloud height directly above the surface sampling sta-
tion was used in the cloud top calculations if the cell remained 
over the station for a sufficient period (usually 15-20 minutes) 
to permit raindrops forming near the top of the storm cloud to 
reach the surface during its passage of the station. The upwind 
distance used in each case depended upon the cloud velocity and 
estimates of the average time for raindrops formed in the upper 
portions of the storm cloud to reach the ground. All cases in 
which intervening cloud echo may have influenced the radar-
indicated cloud tops were eliminated from the analyses. 
The correlation analyses were restricted to data from eight 
storms collected from mid-April to early July 1963. Data col-
lected from mid-July to September were not used because the aver-
age concentration of Sr90 in the rainwater decreased considerably 
during this period, and it was not considered desirable to combine 
these data with the earlier data. The eight storms were divided 
first into three groups which consisted of three April storms 
(4/17, 4/19, 4/22) associated with the approach and passage of 
major synoptic systems, three air mass storms (5/4, 6/13, 7/1), 
and two cold frontal squall lines (6/10, 6/19). Next, all eight 
storms were combined for correlation analyses, and finally, data 
for the eight storms were separated with respect to whether the 
samples were collected on the cyclonic or anticyclonic side of 
the jet stream. In each classification of storms listed above, 
simple correlation coefficients were determined between Sr90 con-
centration and deposition, and each of the six meteorological 
parameters listed earlier to obtain a measure of the degree of 
correlation between each parameter and the Sr90 rainout. Then, 
multiple correlation coefficients were calculated for various 
combinations of the six meteorological parameters to ascertain 
whether the correlations could be improved by consideration of 
two or more factors. 
Results of the above correlation analyses are summarized in 
Tables 14 to 16. In Table 14, simple correlation coefficients are 
presented between the concentration and deposition of Sr90 in 
rainwater and the six meteorological factors for 51 samples for 
which measurements of all factors were made in the eight storms. 
Examination of the simple correlation coefficients between Sr90 
concentration and the meteorological factors indicates that the 
strongest correlation, in general, was with rainfall volume and/or 
TABLE 14 
SIMPLE CORRELATION COEFFICIENTS BETWEEN SR90 RAINOUT AND SIX METEOROLOGICAL FACTORS 
Simple Correlation Coefficients* 
Storm Dates 
3 Storms Combined 
8 Storms Combined 
All Cyclonic 
Jet Data 
All Cyclonic 
Jet Data 
All Anticyclonic 
Jet Data 
All Anticyclonic 
Jet Data 
3 April Storms 
Combined 
3 April Storms Combined 
3 Air Mass Storms 
Combined 
3 Air Mass Storms 
Combined 
2 Squall Lines 
Combined 
2 Squall Lines 
Combined 
Sr90  
Factors 
Conc. 
Dep. 
Conc. 
Dep. 
Cone. 
Dep. 
Cone. 
Dep. 
Conc. 
Dep. 
Cone. 
Dep. 
Number 
of 
Samples 
51 
51 
22 
22 
29 
29 
13 
13 
16 
16 
20 
20 
J 
-0.17 
0.29 
-0.38 
0.20 
-0.16 
0.32 
0.09 
0.53 
0.30 
0.48 
-0.42 
-0.07 
T 
-0.19 
0.15 
-0.33 
0.12 
-0.04 
0.26 
-0.07 
0.45 
0.22 
-0.17 
0.52 
0.42 
Rv 
-0.45 
0.79 
-0.52 
0.73 
-0.35 
0.82 
-0.16 
0.83 
-0.42 
0.89 
-0.67 
0.65 
Rr 
-0.39 
0.52 
-0.54 
0.25 
-0.18 
0.68 
-0.29 
0.31 
-0.42 
0.55 
-0.59 
0.58 
C 
-0.07 
0.22 
0.06 
0.14 
-0.05 
0.31 
-0.10 
-0.28 
-0.18 
-0.07 
-0.08 
0.46 
T-C 
-0.04 
-0.15 
-0.02 
0.18 
0.03 
-0.12 
0.14 
O.38 
0.28 
-0.01 
-0.01 
-0.43 
*J=Jet stream d i s t a n c e ; T = Tropopause h e i g h t ; Rv = Ra in fa l l volume; R r = Ra in fa l l r a t e ; 
C = Radar- indica ted cloud t o p . 
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average rainfall rate. Examination of the correlations with depo-
sition indicates the strongest correlation with rainfall volume. 
Since deposition is determined by the product of concentration and 
rainfall volume, this would be expected in view of the preceding 
statement on concentration correlations. 
When all eight storms were combined (Table 14), the simple 
correlations of Sr90 concentration with the six meteorological 
factors attained a significant level only with rainfall volume 
and rainfall rate. In both cases, an inverse relationship is in-
dicated, that is, the concentration decreases with increasing 
rainfall volume and rate. However, the correlation coefficients 
are not strong with either rainfall factor. For example, the 
coefficient of -0.45 between Sr90 concentration and rainfall 
volume indicates that only 20 percent of the variance in concen-
tration is explained by the rainfall volume. 
Separation of the data from the eight storms into observa-
tions made on the cyclonic and anticyclonic sides of the jet stream 
resulted in improvement in the correlation between jet stream 
distance and Sr90 concentration on the cyclonic side, but the 
simple correlation coefficient of -0.38 is not strong. The data 
samples were considered too small to separate the data into cy-
clonic and anticyclonic jet observations with the smaller storm 
groups shown in Table 14. 
The six meteorological factors used in this study are not 
strictly independent, but the interrelationships are relatively 
weak except between rainfall volume and rainfall rate. The rela-
tionships are illustrated in Table 15, in which rainfall volume 
correlations with each of the factors are presented. The cor-
relation of rainfall rate with Sr90 rainout was usually stronger 
than found with the jet stream, tropopause, and cloud top factors 
(Table 14), and this may have been due partially, at least, to the 
relationship of rainfall rate to rainfall volume, the strongest 
correlator. 
TABLE 15 
SIMPLE CORRELATIONS BETWEEN RAINFALL VOLUME AND 
OTHER VARIABLES IN EIGHT 1963 STORMS 
Correlating Factor 
Correlation 
Coefficient 
Coefficient of 
Determination (%) 
Rainfall Rate 0.72 52 Jet Stream Distance 0.36 13 
Tropopause Height 0.22 5 
Cloud Top Height 0.26 7 Tropopause - Cloud Top Difference -0.13 2 
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Table 16 shows the effects of various combinations of the 
meteorological factors on the magnitude of the correlation with 
Sr90 concentration and deposition,, When all eight storms were 
combined, it was found that only slight improvement was obtained 
over the simple correlations between rainfall volume and the con-
centration and deposition of Sr90. Thus, the simple correlation 
coefficient between Sr90 concentration and rainfall volume was 
-0.45 and this increased only to 0.48 when four other factors were 
included. Similarly, the deposition coefficient increased only 
from 0.79 to 0.80 with the additional four factors. 
An appreciable improvement in correlation was obtained with 
the cyclonic jet data when multiple correlation coefficients were 
determined. The highest simple correlation coefficients with the 
cyclonic jet data were -0.52 and 0.73, respectively, between rain-
fall volume and the concentration and deposition of Sr90. Inclu-
sion of the other meteorological factors resulted in multiple 
correlation coefficients of 0.71 and 0.84 when J, T, Rv, Rr, and C were combined. 
With the three April storms combined, the multiple correla-
tions showed a significant improvement over the simple correlations 
with rainfall volume, but the multiple correlations produced little 
improvement over the simple correlation between deposition and 
3torm rainfall. 
In the three air mass storms, the multiple correlation co-
efficient between Sr90 concentration and J, T, Rv, Rr , and C showed a major gain over the simple correlation between concentra-
tion and rainfall volume, the coefficient increasing from -0.42 to 
0.73. Minor improvement occurred with the multiple correlations 
of Sr90 deposition, the coefficient increasing from 0.89 for the 
simple correlation between deposition and rainfall volume to 0.97 
with the combination of J, T, Ry, Rr, and C. In the two squall lines, significant improvement was obtained with the multiple 
correlation coefficients with both concentration and deposition 
of Sr90. 
Table 16 shows a relatively strong correlation between Sr90 
deposition and the combination of five meteorological factors in 
all storm groups. The multiple correlation coefficient ranges from 
0.80 to 0.97 (last column, Table 16). The multiple correlation of 
Sr90 concentration with these meteorological factors was not nearly 
as strong, in general, as the deposition correlations, with values 
ranging from 0.35 to 0.84. Table 16 indicates also a stronger re-
lationship between Sr90 concentration and the combination of mete-
orological factors on the cyclonic side of the jet stream than on 
the anticyclonic side. According to Danielsen (1964), the strato-
spheric extrusions of radioactive material take place on the cyclonic 
side. The simple correlations of Table 14 and the combinations of 
Table 16 indicated that the rainfall factors, volume and rate, have 
TABLE 16 
MULTIPLE CORRELATION COEFFICIENTS BETWEEN SR90 RAINOUT AND SIX METEOROLOGICAL FACTORS 
Multiple Correlation Coefficients 
Storm Dates 
8 Storms Combined 
8 Storms Combined 
All Cyclonic 
Jet Data 
All Cyclonic 
Jet Data 
All Anticyclonic 
Jet Data 
All Anticyclonic 
Jet Data 
3 April Storms 
Combined 
3 April Storms 
Combined 
3 Air Mass Storms 
Combined 
3 Air Mass Storms 
Combined 
2 Squall Lines 
Combined 
2 Squall Lines 
Combined 
Conc. 
Dep. 
Conc. 
51 
51 
22 
0.20 
0.29 
0.44 
0.46 
0.79 
0.59 
0.46 
0.79 
0.57 
0.47 
0.80 
0.71 
0.17 
0.35 
0.35 
0.46 
0.79 
0.52 
0.47 
0.80 
0.60 
0.48 
0.80 
0.61 
0.48 
0.80 
0.71 
Dep. 22 0.21 O.78 0.74 O.83 0.20 0.73 0.78 0.78 0.84 
Cone. 29 0.22 0.38 0.37 0.40 0.18 0.35 0.38 0.38 0.40 
Dep. 29 0.32 0.82 0.82 0.82 0.39 0.82 0.82 0.82 0.82 
Cone. 13 0.09 0.30 0.27 0.34 0.14 0.24 0.30 0.30 0.35 
Dep. 13 0.57 0.86 0.85 0.86 0.53 O.85 0.86 0.86 0.86 
Cone. 16 0.34 0.45 O.63 0.65 0.43 0.47 -0.49 0.51 0.73 
Dep. 16 0.56 0.92 0.91 0.94 0.48 0.91 0.93 0.94 0.97 
Conc. 20 0.56 0.67 0.81 0.82 0.43 0.71 0.72 0.71 0.84 
Dep. 20 0.44 0.65 0.81 0.82 0.43 O.69 0.71 0.69 0.84 
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the strongest influence on the Sr90 rainout of the several mete-
orological factors tested, Sr90 deposition was strongly related 
to rainfall volume in most of the storm groups analyzed. 
Because of radar operational problems, fewer data were avail-
able on cloud tops than for the other meteorological factors in 
Tables 14 and 16. Since cloud tops appeared to have little influ-
ence on the correlation coefficients, the larger sample of data for 
J, T, Rv, and Rr were analyzed to ascertain whether the relations of Tables 14 and 16 would change materially with the additional 
data. A total of 8l observations was available in the larger sam-
ple compared to 6l used in compilation of Table 14. Results in-
dicated only minor changes, the correlation coefficients increas-
ing slightly in some cases and decreasing in others with the 
larger sample. 
Correlation Between Beta Rainout and Storm Rainfall 
Table 17 shows the results of correlation analyses between 
beta rainout and storm rainfall (rainfall volume) in 16 storms 
sampled during 1963-1964. As pointed out earlier in this section, 
rainfall volume correlates better with radioactive rainout than 
any of the six meteorological factors tested with 1963 Sr90 data. 
Table 17 shows simple correlation coefficients between storm rain-
fall and beta concentration and between storm rainfall and beta 
deposition. The area of the sampling network in which the rain-
water samples were collected is indicated in the last column. 
Similar to the Sr90 rainout correlations presented in Table 14, 
an inverse relationship is indicated between rainfall and concen-
tration of radioactive rainout in Table 17, whereas a direct rela-
tionship is indicated between rainfall and beta deposition. In 
general, the relationship between beta deposition and storm rain-
fall is stronger than between beta concentration and rainfall, as 
indicated by the 16-storm medians. In most storms, the correla-
tion between beta concentration and storm rainfall is relatively 
weak, and in some cases it is obviously insignificant. The depo-
sition correlations are relatively high in 50 percent of the 
storms, with coefficients ranging from 0.64 to 0.92. However, 
the relationship is relatively weak in some storms also. The 
data in Table 17 lead to the conclusion that neither the concen-
tration nor the deposition of radioactive rainout at a point in 
convective rainstorms can be reliably predicted from rainfall data 
alone. 
The stronger relationships between Sr90 rainout and storm 
rainfall in Table 14 in comparison with those in Table 17 suggest 
that the correlation between the deposition of radioactive rainout 
and rainfall may improve, if sampling is integrated over a period 
longer than a single storm. Since beta data were available for 
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TABLE 17 
CORRELATION OF STORM RAINFALL WITH BETA CONCENTRATION AND 
DEPOSITION IN 1963-1964 STORMS ON SAMPLING NETWORKS 
Correlation Coefficients 
Date 
4/22/63 
6/10/63 
7/1/63 
7/6/63 
7/13/63 
7/20/63 
7/31/63 
8/28/63 
3/24-25/64 
4/18-19/64 
4/19-20/64 
4/20-21/64 
4/23/64 
5/11/64 
6/5/64 
6/12/64 
16-Storm 
Median 
Number 
of 
Cases 
12 
13 
12 
18 
17 
18 
13 
11 
15 
25 
30 
31 
27 
13 
25 
21 
Beta 
Concentration 
-0.16 
-0.82 
-0.75 
-0.41 
-0.38 
-0.76 
-0.25 
-0.85 
-0.51 
O.38 
-0.42 
-0.23 
-0.38 
-0.20 
0.09 
-0.25 
-0.38 
Beta 
Deposition 
0.82 
0.16 
0.86 
0.20 
0.19 
0.87 
0.64 
0.89 
0.49 
0.70 
0.35 
0.49 
0.66 
0.43 
0.32 
0.92 
0.57 
Network 
Area 
(sq. mi.) 
6000 
3000 
3000 
3000 
3000 
3000 
3000 
400 
400 
400 
400 
400 
400 
400 
400 
400 
the three April storms and three air mass storms of Table 14, these 
storms were grouped and correlations determined between beta depo-
sition and storm rainfall to ascertain if the group correlations 
were of the same order of magnitude with both beta and Sr90 rain-
out. If not, the higher correlations in Table 14 are not due to 
the storm grouping, but must result from a better relationship 
between Sr rainout and rainfall or occur from some other cause. 
For the three April storms, the correlation coefficient between 
beta deposition and rainfall was 0.86, compared to 0.83 for Sr90 
deposition. For the three air mass storms, the beta correlation 
coefficient was O.87, compared to O.89 for Sr90. Thus, the rela-
tively high correlations between deposition and rainfall volume in 
Table 14 appear to be associated with storm grouping. 
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PATTERN COMPARISONS 
Areal patterns of beta concentration, beta deposition, and 
total storm rainfall are shown for eight 1964 storms in Figures 
8 to 18. The data from which these patterns were drawn were 
collected on the East Central Illinois raingage network which 
includes 49 recording raingages in an area of 400 square miles. 
They are presented to illustrate typical pattern relationships 
between radioactive rainout and storm rainfall on small areas in 
convective storms. 
Storm of March 25, 1964 
In general, Figure 8 indicates an inverse relationship be-
tween the areal patterns of beta concentration and storm rainfall 
and a direct relationship between beta deposition and storm rain-
fall. These patterns are based upon rainwater samples collected 
at 15 points in the network as indicated on the rainfall map. 
Although rainfall data were available from 49 gages, only data 
from the rainwater sampling points were used in constructing the 
rainfall map, so that patterns would be comparable. 
In Figure 8, a major low in the beta concentration pattern 
extends from the eastern to the southern part of the network and 
corresponds closely with a high in the rainfall pattern in that 
region. Throughout the remainder of the network, lows in the con-
centration pattern appear in regions with highs in the rainfall 
pattern, and vice versa. For the most part, highs and lows in the 
deposition pattern appear in the same general areas as highs and 
lows in the rainfall pattern. 
The rain in this storm occurred in the form of several rain-
showers and thundershowers during an 18-hour period. The showers 
occurred north of a quasi-stationary front lying across southern 
Illinois 100-150 miles south of the network. 
Storm of April 18-19, 1964 
Intermittent thunderstorms during the day on the l8th and 
during the night of the l8th-19th produced heavy rainfall on the 
network. The rainfall occurred north of a quasi-stationary front 
located about 125 miles south of the network. Maritime tropical 
overrunning of continental polar air produced the storms which 
intensified as weak waves moved along the front. 
Storm patterns of beta concentration, beta deposition, and 
storm rainfall are shown in Figure 9, based upon 25 sampling points 
in the 400 square mile area. In most parts of the network, a 
FIG. 8 AREAL PATTERNS OF BETA CONCENTRATION, BETA DEPOSITION, AND STORM RAINFALL ON MARCH 2 4 - 2 5 , 1964 
FIG 9 AREAL PATTERNS OF BETA CONCENTRATION, BETA DEPOSITION, AND STORM RAINFALL ON APRIL 18-19, 1964 
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direct relationship is indicated between beta concentration and 
storm rainfall, whereas usually the relationship is inverse. Thus, 
regions of relatively high concentration in the eastern and south 
central parts of the network are located near high regions in the 
rainfall pattern. Both patterns show low regions extending from 
the north central to western parts of the network and in the 
northern to northwestern regions. Both show a high region immedi-
ately to the west of the major low region in the central part of 
the network. Also, both patterns have a low region in the south-
eastern part of the network. In general, the deposition and rain-
fall patterns show a direct relationship with respect to the loca-
tion of major highs and lows. 
The patterns discussed above were the result of integration 
of several individual thunderstorms on the l8th-19th. Figure 10 
shows patterns of beta concentration, beta deposition, and storm 
rainfall during the first thunderstorm on the 18th, based upon 
data from the 15 time samplers in the network. The patterns of 
beta concentration and rainfall show a strong inverse relationship 
except for the presence of a high region in the rainfall pattern 
in the east northeastern part of the network that has no counter-
part on the concentration map. Thus, an inverse relationship is 
indicated between concentration and rainfall in the first thunder-
storm, whereas a positive relationship was indicated between the 
patterns of concentration and storm rainfall when all storms on 
the l8th-19th were combined (Pig. 9). Except in the west north-
western to northwestern parts of the network, a direct relation-
ship is indicated between beta deposition and storm rainfall in 
Figure 10. Thus, over most of the network of 400 square miles the 
beta concentration decreased as the amount of rainfall increased, 
whereas the beta deposition increased as rainfall increased. How-
ever, departures from these relationships were observed, and illus-
trate that the radioactive rainout-rainfall relationship is not 
necessarily consistent, even within short distances in the same 
storm. 
Storm of April 19-20, 1964 
The rainfall during this storm period resulted from the same 
synoptic weather system that produced the rainfall on the l8th-19th. 
The quasi-stationary front remained over southern Illinois breed-
ing thunderstorms, with the most intense storms taking place over 
central Illinois in the region in which the sampling network was 
located. The first thunderstorm occurred on the network near noon, 
and this storm was followed by several more during the night of the 
19th-20th. 
The patterns of rainout and rainfall are shown in Figure 11 
for the total storm period and, therefore, again represent the 
integrated effects of several thunderstorms. The three maps are 
FIG 10 AREAL PATTERNS OF BETA CONCENTRATION, BETA DEPOSITION, AND STORM RAINFALL IN FIRST THUNDERSTORM ON 
APRIL 18-19, 1964 
FIG 11 AREAL PATTERNS OF BETA CONCENTRATION, BETA DEPOSITION, AND STORM RAINFALL ON APRIL 19-20, 1964 
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based upon data from the 31 rainwater sampling points shown on the 
middle map. Comparison of the beta concentration and rainfall 
patterns shows a major region of high concentration in the southern 
part of the network which corresponds closely with the major region 
of low rainfall. However, in the west central part of the network, 
a minor high region in the beta concentration pattern is associ-
ated with a region of relatively heavy rainfall, a departure from 
the inverse relationship. The patterns of beta deposition and 
storm rainfall correspond, with both major and minor regions of 
highs and lows in the rainfall pattern lying close to correspond-
ing highs and lows in the deposition pattern. 
Data from the 15 time samplers were used again to construct 
maps of radioactive rainout and rainfall in the first thunder-
storm on April 19 for comparison with the total storm maps of 
Figure 11. It is quite possible for true pattern relationships 
in individual convective showers to be masked by integration of 
several showers within a storm period. In general, an inverse 
relationship is indicated between beta concentration and storm 
rainfall in Figure 12, except in the southern part of the network 
where a minor high in the concentration pattern lies in a region 
of relatively high rainfall. The beta deposition pattern shows 
high areas in the southern and eastern parts of the network in 
areas where the rainfall was relatively heavy, and a low deposi-
tion region covers the western and northwestern parts of the net-
work where relatively light rainfall occurred. Thus, in general, 
the deposition pattern indicated a direct relationship with the 
rainfall pattern. The comparisons of total storm patterns and 
individual thunderstorm patterns on the l8th-19th showed about the 
same degree of correlation between rainout and rainfall from a 
visual inspection. 
Storm of April 20-21, 1964 
This storm resulted from two thunderstorm periods, one heavy 
storm period in the early evening of the 20th and another lighter 
storm period during the early morning of the 21st. These thunder-
storms were associated with the approach and passage of a cold 
frontal system. This marked the third consecutive day with heavy 
rainfall. 
It is interesting to note that the beta concentrations remained 
nearly constant, on the average, throughout the three heavy rainfall 
periods from the l8th to 21st. On April 18-19, the average network 
concentration was 398 pc/1, compared with 354 pc/1 on April 19-20, 
and 359 pc/1 on April 20-21. Rainfall averaged 1.91 inches in the 
first storm period, 2.6l inches in the second, and 1.18 inches in 
the third. The network was subjected to similar flow patterns 
aloft during the 3-day period. At the surface, the network was 
lying in cP air north of a quasi-stationary front during the first 
FIG. 12 AREAL PATTERNS OF BETA CONCENTRATION, BETA DEPOSITION, AND STORM RAINFALL IN FIRST THUNDERSTORM ON 
APRIL 19-20, 1964 
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two storm periods. By the third storm period, this stationary 
front had moved northward, leaving the network in mT air in ad-
vance of the cold front. 
Radioactive rainout and rainfall patterns for the total storm 
period on April 20-21 are shown in Figure 13, based upon data from 
the 31 sampling points shown on the storm rainfall map„ A rela-
tively strong pattern relationship is indicated between beta depo-
sition and rainfall with respect to general location of high and 
low regions. The relationship between beta concentration and 
rainfall is not outstanding or consistent. Low regions in the 
concentration in the northwestern, west southwestern, and south-
eastern parts of the network correspond closely with high regions 
in the rainfall pattern and, therefore, indicate an inverse rela-
tionship. However, a high in the rainfall pattern extending from 
the northern to the central part of the network is associated with 
a region of relatively high concentration, and results in a direct 
relationship between concentration and rainfall in these portions 
of the network. A high in the extreme southern part of the net-
work in the beta pattern has no associated high or low in the rain-
fall pattern. Thus, the conclusion is that the relationship between 
the patterns of concentration and rainfall are inconsistent, although 
a consistent relationship is indicated between deposition and 
rainfall. 
Again, the 15 time samplers provided data on the first thun-
derstorm period for comparison with the overall storm period. Maps 
for this initial storm period, the heaviest on the 20th-21st, are 
shown in Figure 14. The major high in the rainfall pattern extend-
ing N-S near the center of the network has its counterpart on the 
deposition map, and lows lie in the same general regions on both 
maps to the east and west of the high center. Thus, a relatively 
strong association between the patterns of rainfall and deposition 
is indicated, as was found with the total storm patterns discussed 
above. The beta concentration pattern in the first thunderstorm 
period shows both similarities and dissimilarities to the rainfall 
pattern. There are low regions in the concentration pattern in the 
northwestern and southeastern parts of the network which correspond 
to highs in the rainfall pattern and, therefore, result in an in-
verse relationship in these areas. However, a high in the concen-
tration pattern in the central part of the network is located near 
the major high in the rainfall pattern, so that a direct relation-
ship is produced. Also, both patterns show lows in the northeastern 
part of the network. A low in the west central part of the network 
in the rainfall pattern has no counterpart on the concentration map. 
These pattern comparisons lead to the conclusion that the relation-
ship between beta concentration and rainfall was inconsistent within 
the 400 square mile network, similar to the condition found with the 
total storm analysis discussed earlier. 
FIG 13 AREAL PATTERNS OF BETA CONCENTRATION, BETA DEPOSITION, AND STORM RAINFALL ON APRIL 20-21, 1964 
FIG 14 AREAL PATTERNS OF BETA CONCENTRATION, BETA DEPOSITION, AND STORM RAINFALL IN FIRST THUNDERSTORM ON 
APRIL 2 0 - 2 1 , 1964 
-43-
Storm of April 23, 1964 
Rain occurred from mid-forenoon to early afternoon in conjunc-
tion with a wave moving along a stationary front in southern Illinois. 
The network was approximately 100 miles north of the peak of the 
wave. Rain was mostly of the steady type, although some shower ac-
tivity was indicated near the end of the rain period at some of the 
network raingage stations. The network was in cP air. The 500-mb 
flow was from the W-NW at 30-40 knots. 
Total storm patterns of beta concentration, beta deposition, 
and rainfall are shown in Figure 15. A strong relationship is in-
dicated between rainfall and deposition patterns, since the maps 
show corresponding high and low regions in the same general areas 
of the network. The relationship between beta concentration and 
rainfall is not consistent. An inverse relationship is indicated 
in the west northwestern, southwestern, eastern, and southeastern 
parts of the network. However, in the north central part of the 
network the pattern relationship is direct with lows on both the 
concentration and rainfall maps, and highs in both patterns are 
found near the center of the network. Thus, as found several times 
in storms discussed earlier in this report, a consistent relation-
ship was not indicated between the patterns of beta concentration 
and storm rainfall on April 23. 
Storm of May 11, 1964 
Three bands of rainshower3 passed across the network during 
the late afternoon and early evening, with most of the rain result-
ing from the last band. The rainfall was generated by the passage 
of a low center across southern Illinois, about 120 miles south of 
the network. 
Patterns of radioactive rainout and rainfall on May 11 are 
shown in Figure 16, based upon the 13 sampling points shown on the 
rainfall map. As in most storms discussed previously, a close 
association is Indicated between the patterns of beta deposition 
and storm rainfall. Corresponding highs and lows occur in nearly 
the same locations on the network in Figure 16. Again, the associ-
ation between beta concentration and rainfall patterns is not con-
sistent. A direct relationship is indicated in the northwestern 
and southeastern parts of the network where high and low areas 
correspond closely on the two maps. Otherwise, the pattern associ-
ation between maps is not strong. 
Storm of June 5, 1964 
Intermittent rain occurred from early forenoon to late after-
noon. The rain was mostly of the steady type, although light rain-
showers occurred for a short period during the early afternoon. 
FIG 15 AREAL PATTERNS OF BETA CONCENTRATION, BETA DEPOSITION, AND STORM RAINFALL ON APRIL 23, 1964 
FIG 16 AREAL PATTERNS OF BETA CONCENTRATION, BETA DEPOSITION, AND STORM RAINFALL ON MAY 11, 1964 
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The rain was non-frontal and appeared to be associated with a small 
surface low located in southwestern Missouri at noon and with a 
weak upper level trough centered near the western Illinois border 
at noon. Rainfall rates were mostly light 
Figure 17 shows the patterns of radioactive rainout and rain-
fall for the total storm period, based upon the 26 sampling points 
indicated on the rainfall map. Pair correspondence is indicated 
between the beta deposition and rainfall patterns, although the 
relationship is not as strong as found in most of the other storms 
discussed previously. Allowing small displacement of centers, 
there are corresponding high and low regions in both patterns in 
the southern and western parts of the network. However, the rela-
tively strong high center in the deposition pattern in the central 
part of the network has no counterpart in the rainfall pattern. 
The long period of rainfall, approximately 9 hours, integrated 
into the patterns of Figure 17 may be responsible for the rela-
tively poor pattern correspondence found in this storm,, 
As in most previous cases, the relationship between beta con-
centration and rainfall is not consistent throughout the network 
of 400 square miles. In the southern and northeastern parts of the 
network, a direct relationship is indicated with highs and lows in 
the rainfall pattern located near similar highs and lows in the 
concentration pattern. In the western part of the network, an 
inverse relationship is indicated with highs in the concentration 
pattern located near lows in the rainfall pattern, and vice versa. 
Storm of June 12, 1964 
A squall line crossed the network in the early morning. 
Thunderstorms associated with the squall line produced rainfall 
for periods of a few minutes to approximately one hour as the 
storm moved across the network. Thus, this storm differed sharply 
from the storm of June 5 discussed above in intensity and duration 
of rainfall. 
Patterns of beta concentration, beta deposition, and storm 
rainfall are shown in Figure 18. A strong relationship is indi-
cated between deposition and rainfall, with highs and lows lying 
in nearly the same positions on both maps. The correspondence 
between the concentration and rainfall patterns is relatively weak. 
There is a low in the concentration pattern in the general area of 
the major high in the rainfall area. Elsewhere, the similarity in 
patterns is weak. 
FIG 17 AREAL PATTERNS OF BETA CONCENTRATION, BETA DEPOSITION, AND STORM RAINFALL ON JUNE 5, 1964 
FIG 18 AREAL PATTERNS OF BETA CONCENTRATION, BETA DEPOSITION, AND STORM RAINFALL ON JUNE 12, 1964 
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Conclusions 
An inverse relationship was found most frequently between the 
patterns of beta concentration and storm rainfall in 1964 storms. 
Similarly, a direct relationship occurred usually between beta 
deposition and storm rainfall. These findings confirm the results 
of 1962 and 1963 studies of beta and Sr90 patterns presented in 
the two previous progress reports. 
The 1964 relationships were based upon a relatively large 
number of sampling points in an area of 400 square miles. There-
fore, the pattern relationships derived from the network data are 
considered highly reliable. Furthermore, the dense network data 
provide details on pattern characteristics that have not been re-
vealed by previous studies of radioactive rainout with sparsely 
spaced stations. 
In general, the relationship between the deposition of radio-
active rainout and storm rainfall is stronger and more consistent 
than the relationship between the concentration of radioactive 
rainout and rainfall. Although the relationship between rainout 
concentration and rainfall is inverse most frequently, a reversal 
to a direct relationship is not uncommon. This reversal occurs 
not only between storms but within storms, as shown by the patterns 
of Figures 8 to 18 and the discussions of these figures. Further-
more, the reversal takes place both in individual showers and in 
integrated patterns of total storm rainfall, as illustrated by the 
cases for the storm period from April 18, 1964, to April 21, 1964, 
discussed earlier. Reversal from a direct to an inverse relation-
ship was found to occur with deposition patterns also, but the 
change occurred far less frequently than with rainout concentra-
tion patterns. 
The reversal from an indirect to a direct relationship between 
beta concentration and storm rainfall is not unexpected in view of 
the results of the studies on the profiles of beta concentration in 
convective storms, discussed earlier in this report. Thus, Type A, 
the most common distribution type, showed a strong trend for the 
beta concentration minimum to be associated with a peak in the 
rainfall rate, whereas Type C showed a strong trend for beta con-
centration peaks to occur in conjunction with peaks in the rainfall 
rate. Also, if one considers that a particular TRW or RW may come 
in contact with an unusually strong source of radioactive debris 
through vertical development into the stratosphere or by intercep-
tion of a stratospheric extrusion (Danielsen, 1964), the occasional 
reversal of the inverse relationship from storm to storm or from 
one area to another within a given storm should be expected. 
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AREAL VARIABILITY OF RADIOACTIVE RAINOUT 
1963 Sr90 and Ce144 Data 
The relative variability, expressed as the coefficient of 
variation, is shown in Table 18 for Sr90, Ce144, and total storm 
rainfall in ten 1963 storms. The April-May storms were sampled 
on the network of 6000 square miles (Fig. 1) and the June-July 
storms on the reduced network of 3000 square miles. These tables 
support results presented in previous progress reports in which 
the great variability of radioactive rainout has been stressed. 
The relative variability of the concentration and deposition of 
Sr90 and Ce144 in 1964 was much greater, in general, than in 
several 1962 storms on sampling networks of 10 and 400 square 
miles, discussed in the Second Progress Report. The same trend 
was observed with storm rainfall. An increase in relative vari-
ability with increasing area is to be expected, other influences 
being equal. Therefore, the 1963 results presented here, based 
on sampling areas of 3000 to 6000 square miles, show the expected 
trend. 
TABLE 18 
AREAL RELATIVE VARIABILITY OF Sr90, Ce144, AND 
STORM RAINFALL IN 1963 STORMS 
Coefficient of Variation (%) 
Date 
Number 
of 
Stations 
Network 
Mean 
Rainfall 
(in.) 
Sr90  
Conc. 
Sr90 
Dep. 
Ce144 
Conc. 
Ce144 
Dep. 
Storm 
Rainfall 
4/17 14 0.11 43 73 - - 73 
4/19 13 0.17 31 75 - - 53 4/22 12 0.32 72 119 60 115 122 
5/4 6 0.33 32 70 38 67 70 6/10 12 0.28 79 36 54 38 89 
6/13 8 0.21 53 85 86 78 100 
6/19 12 0.27 37 62 49 46 63 
7/1 12 0.78 43 25 58 66 71 
7/13 15 1.26 100 50 87 108 26 7/20 12 0.84 48 80 67 74 49 
Median 46 72 59 71 72 
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TAELE 19 
AREAL VARIABILITY OF BETA CONCENTRATION, BETA DEPOSITION, 
AND RAINFALL IN 1964 STORMS 
Average 
Deviation (%) 
Coefficient 
of Variation (%) 
Date 
Number 
of 
Stations 
Beta 
Conc. 
Beta 
Pep. 
Storm 
Rainfall 
Beta 
Conc. 
Beta 
Pep. 
Storm 
Rainfall 
3/24-25 15 19 20 19 23 27 25 
4/18-19 25 26 31 15 33 45 19 
4/19-20 26 19 20 17 25 24 19 4/20-21 31 27 31 23 40 43 27 
4/23 27 18 24 22 23 31 27 
5/H 13 49 45 38 64 57 43 
6/5 25 51 53 11 71 72 15 6/12 21 25 61 48 31 77 69 
Median 26 31 21 32 44 26 
1964 Beta Data 
The relative variability of beta concentration, beta deposi-
tion, and storm rainfall was determined for eight storms in 1964 
on a sampling network of 400 square miles. The number of samples 
available for these calculations was considerably greater than in 
1963. The number ranged from 13 to 31 in the eight storms, and the 
results should provide a reliable measure of typical areal varia-
bility of radioactive rainout in rainstorms. 
Results of this study are presented in Table 19, in which the 
relative variability is expressed by two indices, the average devi-
ation in percent and the coefficient of variation. The average 
deviation has been used for the same purpose in previous progress 
reports. The coefficient of variation is frequently used to ex-
press relative variability, and has been presented here for those 
who are more familiar with it. The coefficient of variation was 
defined earlier in this report in the discussion of Sr90 and Ce144 
studies. The average deviation (%), a measure of relative varia-
bility recommended by Conrad and Pollak (1950), is merely the 
average deviation of the individual observations from the areal 
mean divided by the areal mean and multiplied by 100. 
Table 19 contains six convective storms and two storms in 
which steady rain dominated (4/23, 6/5). As indicated by the 
medians, the relative variability of both beta concentration and 
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beta deposition tend to be greater than storm rainfall variability 
in the 1964 storms. This finding is in agreement with 1962 and 
1963 studies of beta relative variability on various networks. The 
deposition variability generally exceeded the concentration varia-
bility in agreement with 1963 studies on the 400 square mile net-
work presented in the Second Progress Report. In a 1962 study of 
beta variability on small networks of 10 to 12 square miles, the 
concentration and deposition patterns had equivalent variabilities, 
in general. 
Comparison of median values of relative variability on the 
network of 400 square miles in 1963 and 1964 storms indicates 
nearly equivalent values. Based on the average deviation (%), 
9-storm medians in 1963 were 26, 33, and 24 percent, respectively, 
for beta concentration, beta deposition, and storm rainfall. Sim-
ilarly, the 8-storm medians from Table 19 for average deviation 
(%) are 26, 31, and 21 percent. A 15-storm sample on two small 
networks of 10 and 12 square miles operated in 1962 had medians 
of 23, 20, and 12 percent, respectively, for beta concentration, 
beta deposition, and storm rainfall. 
As indicated earlier, the storms of 4/23 and 6/5 in Table 19 
were dominated by steady rain rather than convective showers. The 
data for these two cases indicate that the relative variability of 
radioactive rainout may be great in steady-type rain also. In 
fact, the greatest variability in the beta concentration and beta 
deposition among the eight storms in Table 19 occurred in the 
storm of 6/5 in which steady-type rain occurred over an 8-hour 
period. The storm rainfall on 6/5 showed small relative varia-
bility, however, in comparison with both the radioactive rainout 
and with the 8-storm median for storm rainfall. In the other 
steady-type rain on 4/23, the relative variability of beta con-
centration and beta deposition was below the 8-storm medians, 
but equivalent to several of the convective storms. 
The results of the relative variability studies summarized 
in the preceding paragraphs illustrate the great variability in 
radioactive rainout that occurs over small areas in convective 
rainstorms. Evidence was found that variability may be great also 
in steady-type rainfall. The 1962-1964 studies indicate that the 
spatial relative variability of the concentration and deposition 
of radioactive rainout is usually greater than the relative varia-
bility of storm rainfall. As expected, a trend was found for the 
spatial variability of both radioactive rainout and rainfall to 
increase with increasing area. The tabular data presented here 
and in the First and Second Progress Reports provide quantitative 
measures of both the average relative variability in convective 
rainstorms and of the differences in relative variability which 
may occur from storm to storm on small areas. 
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TIME VARIABILITY OF RADIOACTIVE RAINOUT 
The time variability of radioactive rainout was investigated 
through use of the 215 cases of beta concentration profiles an-
alyzed from 1963-1964 storms. In these storms, four or more sam-
ples were obtained at a station with each case used, and samples 
were collected throughout the life of each rainstorm. The co-
efficient of variation was used as a measure of the time relative 
variability in beta concentration. From previous discussions, it 
is obvious that the beta concentration samples are not distributed 
randomly about the mean and, therefore, the calculated coefficient 
of variation cannot be interpreted in its usual statistical sense. 
However, for the purposes of this study, it serves as a useful 
index of the time variability, and no further mathematical treat-
ment of the results is intended. 
First, the average coefficient of variation, expressed in per-
cent, was calculated for each of the six major types of beta con-
centration (Fig. 7). Results are summarized in Table 20. This 
table indicates that the average time variability is nearly equal, 
on the average, for Types A, B, D, and E. Time variability is 
relatively small with Type C compared to the other major types, 
and Type H shows considerably higher than average time variability. 
Type H has a more complex profile than the other types, so that the 
greater variability is not unexpected. The relatively low time 
variability with Type C is primarily due to the smaller change of 
beta concentration with time at the start of storms than occurs 
with the other types in Figure 7. Comparison of data in Tables 19 
and 20 indicates that the relative variability in beta concentra-
tion throughout a storm as it passes over a point Is considerably 
greater, on the average, than is found in total storm rainfall over 
an area of 400 square miles. The time variability in this study is 
based upon consecutive samples of rainfall which usually contained 
0.04 to 0.06 inch of rainfall, and the variability might change 
somewhat if smaller or larger time samples were used. Neverthe-
less, the calculations presented here do show that the time varia-
bility of radioactive rainout in rainstorms Is relatively large. 
Next, the time variability data were grouped according to 
total storm rainfall, average rainfall rate, rainfall duration, 
and synoptic weather type to determine possible relationships. 
The results are summarized In Table 21. The time relative varia-
bility exhibits a definite trend to increase with increasing storm 
rainfall and increasing rainfall duration. A less pronounced trend 
is Indicated for the time variability to decrease with increasing 
rainfall rate. In the 1963-1964 data, the time variability was 
considerably smaller, on the average, with cold front and air mass 
storms than with warm front and stationary front storms and low 
center passages. 
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TABLE 20 
AVERAGE TIME VARIABILITY OF BETA CONCENTRATION IN 
1963-1964 STORMS GROUPED BY DISTRIBUTION TYPE 
Distribution 
Type 
A 
B 
C 
D 
E 
H 
Number 
of Cases 
75 
31 
19 
32 
16 
17 
Average Coefficient 
of Variation (%) 
68 
72 
43 
65 
73 
80 
TABLE 21 
RELATION BETWEEN TIME VARIABILITY, RAINFALL FACTORS, 
AND SYNOPTIC WEATHER TYPES 
Storm Rainfall (in.) 
0.01-0.20 
0.20-0.49 
Over 0.49 
Rainfall Duration (hrs.) 
0.1-0.9 
1.0-1.9 
Over 1.9 
Rainfall Rate (in./hr.) 
0.01-0.20 
0.21-0.49 
0.50-0.99 
Over 1.00 
Synoptic Weather Type 
Cold Front 
Warm Front 
Stationary Front 
Air Mass Storm 
Low Center Passage 
Average Coefficient 
of Variation (%) 
57 
62 
90 
56  63 83 
76 
70 
56 
60 
58 
72 
73 
58 
73 
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POINT SAMPLE REPRESENTATIVENESS 
In completion of studies described in the previous progress 
reports, 1963 and 1964 data were combined In an evaluation of the 
areal representativeness of a central sampling point In the mea-
surement of average areal radioactive rainout on the sampling 
network of 400 square miles. In the calculations of areal repre-
sentativeness, the deviation of the central gage value from the 
areal mean, as determined from the average of all network samples, 
was expressed as a percentage of the areal mean. It was assumed 
that the network average represented an accurate estimate of the 
true areal average, and the central gage difference was considered 
a sampling error. Areal means in 1963 were based upon a minimum 
of nine sampling points, and in 1964 the means were based upon 13 
to 31 sampling points in various storms. 
Results of this study are summarized in Table 22, based upon 
17 storms sampled in 1963-1964. Sampling errors are shown for 
beta concentration, beta deposition, and storm rainfall. Storm 
rainfall was included as a guide in evaluating the magnitude of 
the beta sampling error, since much more information is available 
on the magnitude of rainfall sampling errors with respect to storm 
rainfall, storm type, size of sampling area, and other factors 
(Huff and Neill, 1957). Table 22 shows median errors for each 
year and for the two years combined. The same medians were ob-
tained for beta concentration and beta deposition in both years, 
but the rainfall sampling error was smaller in 1964. Averages 
for the 2-year sampling period are shown also. 
The 2-year summary shows that the average and median sampling 
errors for beta concentration and beta deposition are nearly equal, 
but both are much greater than the sampling error for storm rain-
fall. In the 17-storm sample, sampling errors varied from 0 to 118 
percent for beta concentration, 2 to 190 percent for beta deposition, 
and 0 to 54 percent for storm rainfall. These individual values 
illustrate the large errors that may be introduced when a single 
sample of radioactive rainout Is assumed to represent the average 
over a relatively small area of 400 square miles about the sampling 
point. Assuming the data in Table 22 provide a representative sam-
ple of natural occurrences, the medians indicate that use of a 
single sampling point will result In an error equal to or exceed-
ing 23 percent in the calculated beta deposition in 50 percent of 
the storms. Similarly, an error of 25 percent will occur in 50 
percent of the storms with respect to beta concentration. 
In Table 23, data collected in 15 storms on two areas of 10 
to 12 square miles have been abstracted in summary form from the 
First Progress Report for comparison with the data for 400 square 
miles. Thus, the median sampling errors on the 10-12 square miles 
in 1962 were 23, 18, and 6 percent, respectively, for beta 
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TABLE 22 
SINGLE POINT SAMPLING ERRORS ON 400 SQUARE MILE NETWORK, 1963-1964 
Point Sampling Error, Percent 
Beta Beta Storm 
Storm Date Concentration Deposition Rainfall 
7/1/63 25 23 51 
7/6/63 40 19 18 
7/13/63 0 31 28 
7/20/63 35 21 13 
7/31/63 25 14 54 
8/6/63 33 27 30 
8/19/63 118 132 9 
8/28/63 0 83 7 
9/2/63 1 5 0 
1963 Median 25 23 18 
3/25/64 19 2 17 4/18/64 33 23 19 4/19/64 26 24 4 
4/20/64 5 10 3 4/23/64 25 32 3 
5/11/64 92 190 50 
6/5/64 110 113 5 
6/12/64 9 3 2 
1964 Median 25 23 4 
1963-1964 Median 25 23 13 
1963-1964 Average 35 33 18 
TABLE 23 
SINGLE POINT SAMPLING ERRORS ON 10-12 SQUARE MILE 
NETWORKS IN 15 STORMS DURING 1962 
Sampling Error, Percent 
Sampling Error 
Average 
Median 
Range 
Beta 
Concentration 
23 
23 
2-39 
Beta 
Deposition 
22 
18 
0-41 
Storm 
Rainfall 
9 
6 
0-24 
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concentration, beta deposition, and storm rainfall. These are 
somewhat smaller than the 1963-1964 medians on the network of 400 
square miles (Table 22), as expected,, However, the sampling errors 
with concentration and deposition of beta activity remained rela-
tively large on the area of 10-12 square miles. Although a larger 
sample of data would be necessary to define accurately the distri-
bution of sampling errors, the results presented in Tables 22 and 
23 do stress the variability in radioactive rainout that is likely 
to occur within small areas in convective rainstorms. Further-
more, the results may be used as a first approximation of both 
average and extreme sampling errors that occur when a single sam-
pling point is used as a measure of the average radioactive rain-
out in the surrounding area. 
Huff and Neill (1957) have presented empirical relationships 
on the areal representativeness of point rainfall measurements in 
convective storms, based upon a large sample of storms from several 
recording raingage networks in Illinois. In the Illinois study, 
sampling error relationships were developed for various values of 
storm rainfall and area represented by the point measurement. Re-
sults of the Huff-Neill study have been used in conjunction with 
the results in Tables 22 and 23 to provide additional information 
for estimation of the sampling errors in radioactive rainout to be 
expected with single-point samples representing areas of 10 and 
400 square miles. In calculation of Table 24, storm rainfall 
values from the Huff-Neill study were multiplied by a conversion 
factor to obtain estimates of the average sampling error for beta 
concentration and deposition. The conversion factor was determined 
from Tables 22 and 23 from the ratios of average sampling errors of 
beta concentration and deposition to storm rainfall. These ratios 
are 2.6 and 2.4 for beta concentration and deposition, respectively, 
on the 10-12 square miles, and 1.9 and 1.8, respectively, on the 
400 square miles. Because of the small differences, a ratio of 
2.5 was used for both concentration and deposition on the small 
network and 1.9 on the larger network. 
TABLE 24 
ESTIMATES OF SINGLE POINT SAMPLING ERRORS OF 
BETA CONCENTRATION AND DEPOSITION ON 
AREAS OF 10 AND 400 SQUARE MILES 
Average Sampling Error (%) for 
Given Storm Rainfall (in.) Area 
(sq. mi.) 
10 
400 
0.25 
40 
76 
0.50 
25 
49 
1.00 
17 
36 
2.00 
13 30 
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SUMMARY AND CONCLUSIONS 
Sr90 and Ce144 Distribution Characteristics 
Type A distributions occurred most frequently with both Sr90 
and Ce144 concentrations in the eight 1963 storms for which auto-
matic sampler data were analyzed for these two radionuclides. 
Type A profiles were found with 50 percent of the Sr90 cases and 
with 44 percent of the Ce144 cases. With Type A storms, a trend 
was found for the minimum in the concentration profile to be 
associated with a maximum in the rainfall rate profile. These 
findings are in general agreement with the results of beta anal-
yses presented in the Second Progress Report. 
Analyses of the deposition characteristics of Sr90 and Ce144 
rainout indicated a general trend for a greater portion of the 
deposition to occur during the first part of rainstorms than in 
the latter portions. In 1963 storms analyzed, on the average, 
approximately 66 percent of the Ce144 rainout and 63 percent of 
the Sr90 rainout were recorded during the first 50 percent of the 
rainfall. In all storms, over 50 percent of the deposition occurred 
during the first half of the rainfall, and, occasionally, it ex-
ceeded 70 percent during the first 50 percent of the rainfall. 
These findings reflect the effects of the relatively high concen-
trations of radioactive rainout which frequently occur in the early 
portions of rainstorms. 
Analyses were made of the time distribution of Ce144/Sr90 
for 34 cases in eight 1963 storms. When all cases were combined 
to obtain an average distribution, a general trend was found for 
the ratio to remain relatively constant until approximately 40 
percent of the rain had fallen, after which it displayed a pro-
nounced decrease throughout the rest of the storm. In all cases 
the peak ratio occurred during the first half of rainfall. Thus, 
the 1963 data indicate a trend for the rainfall in the latter por-
tions of convective storms to contain radioactive debris of an 
older age (smaller ratio) than found in the early portions of such 
storms. Possibly, the higher ratios in the early portions of storms 
are produced by low-level entrainment of surface-contaminated air 
into the leading edge of the storms. This surface-contaminated air 
could be relatively rich in Ce144 compared with Sr90, because of 
greater leaching of Sr90 fallout into the soil. However, further 
study must be made before a satisfactory explanation can be presented. 
The areal variability of the ratio of Ce 1 4 4 to Sr90 in convec-
tive rainstorms was investigated through determination of the aver-
age ratio in the total storm rainfall at each station. Data from 
both time samplers and total storm samplers were used in this study. 
The relative variability, based upon the coefficient of variation, 
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ranged from 18 to 49 percent in a 10-storm sample on a sampling 
area of 400 square miles. These results indicate that the radio-
active rainout in convective storm systems probably incorporates 
radioactive particulates from several atmospheric source regions 
within distances of a few miles. In general, the areal relative 
variability of Ce144/Sr90 was somewhat less than found with the 
concentration and deposition of the two radionuclides. 
Analyses of the time distribution of Ce144/Sr90 at individual 
stations in 1963 storms indicate that the change with time of the 
ratio is frequently great. Combining 34 station analyses from 
eight storms, a median of 45 percent was obtained for the time 
relative variability. 
Beta Distribution Characteristics 
A total of 215 beta concentration profiles from 60 storms in 
1963-1964 were analyzed. Type A, the most common type, was found 
in 35 percent of the cases. The other most common types, B and D, 
were found in 14 and 15 percent of the cases, respectively. The 
percentage frequency of Type D storms was considerably greater in 
1964 than in 1963, whereas Types A and B were less frequent on a 
percentage basis. The 2-year sample provides an approximation of 
the frequency distribution of beta profiles by type in convective 
storms in the Midwest. 
No evidence was found that the characteristics of the beta 
concentration distribution at a specific point in convective storms 
are determined uniquely by a single rainfall parameter, such as 
volume, duration, or average rate, at the same point. Comparison 
of the types of beta profiles with surface synoptic weather con-
ditions showed a trend for Types B and D to be biased somewhat 
toward warm front occurrences. Type H appeared to occur most fre-
quently with air mass storms. Otherwise, no strong association was 
found between beta profiles and surface synoptic weather types. 
Comparative analyses of data on the time distributions of rain-
fall rate and beta concentration revealed a strong trend for the 
minimum in Type A storms to occur at or slightly after the occur-
rence of a peak: in the associated rainfall rate profile. In 75 
percent of the 1963-1964 cases of Type A convective storms, the 
beta minimum occurred within three minutes after a peak in the 
rainfall rate distribution. With Type C storms, the mid-storm 
peak in beta concentration occurred within five minutes after a 
rainfall rate peak in 74 percent of the cases. Beta minima in the 
Type H distributions tended to be associated with rainfall rate 
peaks. With other beta profile types, strong association between 
rainfall rate peaks and maxima or minima in the beta concentration 
profiles was not found. 
-56-
In both 1963 and 1964 storms, a strong trend was found for a 
peak in the beta concentration at the start of rainstorms. A median 
ratio of 2.0 was obtained between the first and second time samples 
in 128 cases from 1964 storms, compared to a median ratio of 1.8 
in 73 cases from 1963 storms. Investigation was made to determine 
whether an increase in beta concentration tended to occur at the 
start of new bursts in storms following the initial burst. From 
68 cases in 1963-1964, it was found that the ratio of the first 
sample to the second sample approached unity in bursts which fol-
lowed the initial burst of a convective storm system. Thus, the 
calculations indicate that the high beta concentration is primarily 
a boundary condition which exists at the leading edge of rainstorm 
systems. This finding lends support to the hypothesis presented 
in the Second Progress Report that the high initial concentration 
may be related to entrainment of surface-layer pollutants into the 
leading edge. This constitutes a recycling of previous fallout. 
The intensity of the initial concentration was found to increase 
with increasing volume of storm rainfall and with increasing dura-
tion in convective-type storms. This finding indicates that the 
intensity of the initial concentration is greater in the larger 
and more intense convective systems, in which entrainment should 
be relatively strong compared to lighter storms. 
Correlation Analyses 
Simple and multiple correlation coefficients were calculated 
between the concentration and deposition of Sr90 and six meteoro-
logical factors, through use of 81 total storm samples from eight 
convective rainstorms in the spring and early summer of 1963. All 
storms combined and various combinations of storms were correlated 
in this study. Meteorological factors used were jet stream dis-
tance from the sampling network, tropopause height, radar-indicated 
cloud tops, difference between cloud tops and tropopause height, 
storm rainfall amount (volume) and average rainfall rate. Analyti-
cal results indicated the strongest correlation, in general, between 
Sr90 rainout and storm rainfall. The storm rainfall correlation was 
usually much higher with Sr90 deposition than with Sr90 concentra-
tion. Simple correlation coefficients were generally weak between 
radioactive rainout and jet stream distance, tropopause height, 
cloud tops, and tropopause-cloud top difference. Some evidence 
was found that the correlation between rainout and jet stream dis-
tance may be better on the cyclonic than on the anticyclonic side 
of the jet stream, but correlation coefficients were weak in both 
cases with the 1963 storm sample. 
When multiple correlations were made an appreciable improve-
ment over the simple correlations was obtained with most of the 
storm combinations tested with respect to Sr90 concentration, par-
ticularly when all meteorological factors were included. In gen-
eral, the correlation did not increase as much with Sr90 deposition 
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when multiple coefficients were calculated. The above results are 
based upon a relatively small sample of storms from one year, and 
a larger sample of data could conceivably change the results appre-
ciably. However, it is doubtful that the correlations which were 
extremely weak in the 1963 sample would become strong with a larger 
sample. 
Pattern Comparisons 
Areal patterns of beta concentration, beta deposition, and 
storm rainfall were compared in eight 1964 storms, based upon a 
network of 31 total storm samplers in 400 square miles. An in-
verse relation was found most frequently between the patterns of 
beta concentration and storm rainfall, whereas a direct relation 
usually occurred between beta deposition and storm rainfall. These 
findings are in agreement with studies on other networks in 1962 
and 1963 (Huff, 1964). 
The 1964 study indicated that the relation between beta depo-
sition and rainfall is stronger and more consistent than the rela-
tion between beta concentration and rainfall. A reversal from an 
indirect to a direct relation between beta concentration and storm 
rainfall is not uncommon, and this reversal occurs within storms 
as well as between storms. Reversal from a direct to inverse re-
lation between patterns of beta deposition and storm rainfall occur 
also, but the reversal occurs far less frequently than with beta 
concentration patterns. 
Areal and Time Variability of Radioactive Rainout 
Studies with 1964 data supported results of 1962-1963 studies 
of areal relative variability. The relative variability of the 
concentration and deposition of radioactive rainout is usually 
greater than the relative variability of storm rainfall in con-
vective storms. Evidence was found that the spatial variability 
in radioactive rainout, which is relatively large over small areas 
in convective storms, may be great also in steady-type rainfall. 
As expected, a trend was found for the spatial variability to in-
crease with increasing area. The data presented in this report and 
in the two previous progress reports provide quantitative measures 
of both the average relative variability in convective storms and 
of the differences in relative variability which may occur from 
storm to storm on small areas. 
The time variability of beta concentration at stations in 
convective storms was investigated through use of the coefficient 
of variation as a variability index. A definite trend was found 
for the time relative variability to increase with increasing storm 
rainfall and increasing rainfall duration. A less pronounced trend 
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was indicated for the time variability to decrease with increasing 
rainfall rate. With respect to beta distribution types, the rela-
tive variability was found to be considerably less, on the average, 
with Type C storms than with any of the other types. Little differ-
ence was indicated between Types A, B, D, E, and H. 
Point Sample Representativeness 
A 17-storm sample on the 1963-1964 network of 400 square miles 
was used in an evaluation of the areal representativeness of a 
central sampling point in the measurement of average areal radio-
active rainout. The average and median sampling errors for beta 
concentration and beta deposition were nearly equal, but both were 
much greater than the sampling error for storm rainfall. Average 
sampling errors for the 17-storm sample were 35, 33, and 18 per-
cent, respectively, for beta concentration, beta deposition, and 
storm rainfall. 
Data collected in 15 storms on sampling networks of 10 and 12 
square miles in 1962 showed average sampling errors of 23, 22, 
and 9 percent, respectively, for beta concentration, beta deposi-
tion, and storm rainfall. The results presented in this report 
and previous progress reports may be used as an approximation of 
both average and extreme sampling errors that may occur when a 
single sampling point is used as a measure of the average radio-
active rainout in the surrounding area. 
RECOMMENDATIONS FOR 1965 RESEARCH 
1. Efforts should be concentrated on simultaneous sampling 
of rainwater at the ground and at cloud bases in 1965 field opera-
tions, through use of the new aircraft sampler and the modified 
rainwater sampler which have been described in this report. In-
formation on the changes in radioactive rainout from cloud to 
ground in storms is pertinent to understanding of the rainout 
mechanisms. 
2. Investigation of the causes of the initially high concen-
tration of radioactivity at the leading edge of rainstorms should 
be pursued through use of both air sampling and rainwater sampling 
equipment. Both air samplers and rainwater samplers would be used 
at the ground, and these observations augmented by aircraft samples 
in the layer from the surface to cloud bases. Such observations 
carried out with the approach of a rainstorm system, during rain-
fall, and in the atmosphere in the rear of the rain system should 
provide the information necessary to evaluate the effect of en-
trainment of surface-layer particulates on the high concentration 
-59-
of radioactivity at the leading edge of rain systems. This would 
be the initial phase of the program, and further sampling at 
various elevations in the atmosphere would depend upon findings 
in the initial phase. 
3. Additional analyses of 1964 data should be made, with 
particular emphasis placed upon completion of a number of case 
studies now underway. These case studies would augment those 
presented in the forthcoming research report. 
4. Radiochemical analyses of selected storm samples of rain-
water in 1965 for individual radionuclides is desirable. Compari-
son of 1965 data with the analyzed 1963 data would provide informa-
tion on changes in radioactive rainout relations during the 2-year 
period, as concentrations decreased and atmospheric mixing con-
tinued. It would be desirable also to make isotope measurements 
in rainwater and cloud water collected aloft for comparison with 
surface samples. 
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APPENDIX A 
1965 RAINWATER SAMPLER 
by 
Ronald Tibbetts 
The 1965 rainwater sampler is a redesigned version of the 
1964 model. It has the capability of collecting 38 samples in a 
storm without human attention. Each sample consists of one liter 
of rainwater which represents approximately 0.01 inch of rainfall 
under average conditions of wind speed and sampler exposure. The 
collector surface on the 1965 model is the same as used in 1964. 
It is a 30-square-foot surface made from 1/4-inch plywood coated 
with plastic laminate. This provides an effective, chemically 
clean collecting surface. 
The rainwater passes from the collecting surface into one-half 
of a 2-section tipping bucket beneath the collector (Fig. 19)• 
Upon reaching its 1-liter capacity, the bucket tips and funnels 
its contents into a sample bottle. The sample bottles are located 
on two rotating platforms, each of which contains 19 bottles. As 
the bucket fills and tips toward the left platform, it allows the 
right, spring-driven platform to rotate into position for the next 
bottle. The cycle is repeated to alternate the platforms until the 
38 bottles are filled. The platforms are electrically-switched by 
the use of battery-powered solenoids which are actuated by contacts 
mounted on the tipping bucket. Two views of the tipping bucket and 
platform arrangement are shown in Figure 19. 
Several Improvements have been incorporated into the 1965 
model to overcome operational aspects that were not completely 
satisfactory in the 1964 version. The platforms are now rotated 
by coil springs, whereas suspended weights were used for platform 
rotation in the earlier model. The tipping bucket supplies a 
constant volume of water in each sample; this is a superior ar-
rangement to the use of spring tension to determine the sample 
volume in the 1964 collector. Although all bottles were cali-
brated at the time of Installation in 1964 to rotate when the same 
amount of water had entered the sample bottles, the calibration 
changed non-uniformly with time as the spring strength weakened. 
Also, in the 1965 model, the entire sampling apparatus is enclosed 
with plywood to protect it from the weather. 
FIG. 19 1965 RAINWATER SAMPLER 
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APPENDIX B 
AN AIRBORNE PRECIPITATION COLLECTOR 
by 
Wayne E. Bradley and Gordon E. Martin 
Introduction 
The mechanisms involved in the deposition of radioactive debris 
and their relative importance remain a difficult problem in the 
prediction of deposition. Wet deposition is believed to account 
for 80 to 95 percent of the total depsosition (Facy, 1962), but the 
relative importance of rainout processes in the cloud and the wash-
out of radioactive particulates beneath the cloud base by raindrops 
has yet to be determined experimentally. Greenfield (1957) sug-
gests that the rainout of radioactive particles of submicron size 
is insignificant, and therefore the total rainout by water droplets 
is very small. However, this suggestion needs to be verified 
experimentally. 
One means of assessing the efficiency of the washout process 
is to compare the radioactivity of precipitation samples collected 
simultaneously at cloud base and at the ground. To achieve this 
capability an airborne water sampler was constructed to collect a 
precipitation sample of 500 milliliters in a relatively short period 
of time at aircraft flight speeds. The collector was built and In-
stalled on a Twin-Beechcraft airplane in 1964 and several airborne 
water samples collected. Tests indicate that the water collection 
efficiency of the device is nearly 100 percent. 
In 1963, an air-water scoop was placed in the window along-
side the co-pilot's seat of a Twin Beech aircraft by the Illinois 
State Water Survey for the collection of rainwater samples. The 
plexiglass scoop consisted of one-half of a hemisphere with a 
cross-sectional area of 17.8 square inches. The water and air 
collected flowed into the aircraft to a centrifuge where they were 
separated. Assuming 100 percent collection efficiency at an in-
dicated air speed of 120 mph, this device should have collected 
about one liter of water per hour in a rainfall rate of one inch 
per hour. However, the device proved to be too small to meet the 
sampling requirements. There was also a possibility that It would 
not collect a representative drop size distribution because of the 
disturbed airflow in that area. 
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Collector Design 
In an effort to overcome the difficulties encountered with 
the 1963 model, an airborne centrifugal-impaction water collector 
was designed, constructed, and installed in the Twin Beech aircraft 
in May 1964. The collector was installed in the aircraft nose and 
the intake tube was extended beyond the nose of the plane in order 
to obtain the sample in undisturbed air. The tube is 11.8 inches 
in diameter and extends 16.5 inches ahead of the plane as shown 
in Figure 20. 
Inside the water collector, the intake duct opens radially 
into six centrifuge compartments and terminates in the rear com-
partment. The rear compartment is a cylinder two feet in diam-
eter for the impaction and removal of water at the rear of the 
duct. The front compartment is an empty cylinder designed to con-
tain a door if it had proven necessary to close the collector dur-
ing flight to prevent contamination. A spray nozzle for washing 
the device in flight has proved satisfactory and the door was not 
installed. 
The six compartments between the front and rear compartments 
are identical. Air is exhausted from the collector through these 
compartments, and any very small droplets resulting from splash 
within the collector are removed from the exhaust air by centrifu-
gal force. The centrifuge was divided into six compartments to 
provide a more uniform flow of air. In order to prevent a build-up 
of pressure in the nose compartment from the exhaust air of the 
collector, a reverse scoop was built around the nose of the air-
craft. Thus, air enters the device at the front of the inner duct, 
passes along the inner duct to one of the six centrifuges, passes 
around a centrifuge out of the device Into the nose of the aircraft, 
and Is then evacuated from the plane through the reverse scoop 
arrangement. 
Water that impacts on the rear wall of the device drains through 
holes at the bottom into the collector pan. Water impacted on the 
centrifuge walls or outer cylinder wall is moved by the air stream 
to near the air exit, where it is removed from the walls by a series 
of gutters and water scoops into the collector pans as shown in 
Figure 21. Positive drainage of water through the holes and scoops 
Is assured by the flow of air with the water. The final separation 
of air and water takes place through baffles and a perforated plate 
in the bottom collector pan. The collected water is continuously 
pumped to the airplane cabin. The entire device was constructed 
of 22-gauge stainless steel. 
Between flights, a dust cover was kept over the collector en-
trance and exit to prevent dust from settling inside. Before each 
flight, the collector was sprayed with a hose to remove contamina-
tion and the built-in sprayer was then used to clean it again In 
flight. 
FlG. 20 EXPANDED, ASSEMBLED, AND INSTALLED 
VIEWS OF AIRBORNE WATER COLLECTOR 
FIG. 21 CROSS-SECTIONS OF AIRBORNE WATER COLLECTOR 
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Instrumentation and Testing 
In order to obtain a better understanding of the airflow in 
the water collector, a pitot-static tube was installed in the 
center of the intake duet, and four static pressure taps were made 
along the central cylinder of the device as shown in Figure 21. 
Water manometers in the cabin of the plane were connected to the 
pitot static tube and the static pressure taps so that all pres-
sures could be read continuously. A flight was made to determine 
the pressure distribution within the collector at indicated air 
speeds of 100 mph, 120 mph, and 140 mph and an altitude of 5000 
feet. At an aircraft indicated air speed of 100 mph the air speed 
at the pitot static tube inside the air intake is approximately 
60 mph. The sum of the velocity pressure and the static pressure, 
or total pressure, at the pitot static tube is identical to the 
calculated ram pressure for a speed of 100 mph; that is, five inches 
of water. A static pressure jump of 0.66 inch of water occurs be-
tween static pressure taps 2 and 3 (Fig. 22) as the air suddenly 
expands into a larger compartment. The larger compartment consists 
of the central duct and the upper left-hand portion of the centri-
fuge as shown in Figure 21. The pressure increase in the central 
duct was characteristic of that which occurs when gas in a small 
pipe is suddenly introduced into a larger pipe. Figure 22 shows 
similar pressure data taken at 120 and 140 mph and at 10,000 feet 
and 120 mph. 
A pressure measurement was also taken in the nose of the air-
craft about three inches beneath the collector exhaust. The pres-
sure there did not vary significantly from atmospheric pressure at 
any air speed. Figure 23 shows the relation between air speed, 
air collection efficiency, and intake air speed assuming a uniform 
flow through the intake. The air collection efficiency is defined 
as the ratio of the air speed inside the intake duct to the air 
speed outside the duct, multiplied by 100. 
Collector Efficiency 
The pitot static tube measurements in the intake duct indicate 
that the air speed there varies from 60 to 73 mph as the airplane 
speed changes from 100 to 140 mph. The air collection efficiency 
thus varies from 60 to 52 percent, respectively. Therefore, nearly 
one-half of the air directly in front of the collector diverges 
around it. The matter of concern, however, is the water collection 
efficiency which is defined as the volume of water that enters the 
collector tube per unit time divided by the volume of water that 
would enter the collector if there were no divergence of air around 
the intake, times 100. While nearly 50 percent of the air may 
diverge around the collector intake, much of the water in that air 
is carried into the collector because of the inertia of the drops. 
FIG. 22 PRESSURE DISTRIBUTION IN AIRBORNE COLLECTOR 
FIG. 23 RELATION BETWEEN AIR SPEED, AIR COLLECTION EFFICIENCY, 
AND INTAKE AIR SPEED 
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The exact air flow around the collector intake is not easily-
described, but a crude approximation to the flow will be hypothe-
sized. The reference coordinate system will be considered to be 
moving with the plane, and the terminal velocity of the precipita-
tion will initially be considered negligible compared with the 
aircraft velocity. Figure 24 illustrates the hypothesized stream-
lines that the air follows around the collector nose. Raindrops 
in the volume ABCD are necessarily captured because the air in 
which they are embedded is captured, but the fate of the' drops in 
volume AEFD must be determined. 
Consider a raindrop in the streamline AB with incompressible 
flow. When the drop reaches G it is subjected to a divergent air 
current with a radial component of velocity. At an air speed of 
120 mph, and air collection efficiency of 56 percent the air diver-
gence around the intake results in EB equaling 1.49 inches. If the 
air begins to diverge two feet ahead of the collector intake, it 
moves radially 1.49 inches while traveling two feet in 0.014 second, 
giving it a radial component of velocity of 7.45 mph. The initial 
radial drag on the drop which causes it to accelerate radially is 
given by the expression 
where µ = viscosity of air in poises, STP; v is the air velocity 
relative to the drop in a sec"1; r is the drop radius in mm; Cd is the coefficient of drag (Schlichting, 1955); and Re is the Reynolds number. The Reynolds number is given by the expression 
where p is the density of air in g ml"1 STP, then 
for a .04 cm diameter drop. This force is the initial and maximum 
force on the drop. As the drop accelerates radially, its radial 
velocity with respect to air decreases and, consequently, v de-
creases in the above expression and the accelerating force, F, 
becomes less. However, because the decrease in force with time 
cannot readily be determined, it will be assumed for expediency 
that it remains at its maximum. This assumption makes the effi-
ciency calculation conservative. Thus, the acceleration on the 
drop is 
FIG. 24 AIR STREAMLINES AT AIRBORNE COLLECTOR ENTRANCE 
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where M is the mass of the drop. 
The radial distance X traversed in the time that it takes the 
drop to travel from G to A is 
x - l/2a t2 = 1/2 x 2.95 x 103 (.0114)2 = .190 cm 
where t is the time that the drop is influenced by force F. By 
excluding the drops that fall outside volume AEBF after traveling 
.190 cm, the collection efficiency for a 0.4-mm drop is found to 
be over 97 percent. In a similar manner the efficiency for a 
2-mm drop can be shown to be over 99 percent. Since effectively 
100 percent of the liquid water content in a light rainfall 
(10 mm/hr) is contained in drops of 0.4-mm diameter or greater 
(Mueller, 1962), the collector efficiency is near 100 percent for 
precipitation size particles. If the divergence distance AG had 
been assumed to be five feet, the collection efficiencies for 
0.4-mm drops would have been 95 percent. If the divergence dis-
tance AG is assumed less than two feet, a higher efficiency is 
obtained. The efficiency calculation was made for standard tem-
perature and pressure. At higher altitudes the air is less dense 
and the drop trajectories are affected less, resulting in even 
higher collection efficiencies. 
Since the effect of the terminal velocity of the water drop-
lets was neglected in the previous calculation, further calculations 
were made in which the terminal velocities of the water droplets 
were added vectorially to the radial air velocity, and new values 
were obtained for the Reynolds number, drag coefficient, force, and 
acceleration. Computations were made for drops falling through the 
center of the collection volume, and averages were taken of water 
collection efficiency values obtained at the top and at the bottom 
of the collection area at the duct entrance. Values at the sides 
of this area lie between these extremes and were not computed. 
Average water collection efficiencies obtained using the terminal 
velocities are within one percent of the values obtained by dis-
regarding terminal velocities for all sizes of rainwater droplets. 
Figure 25 shows the relation between rain collection rate, rainfall 
rate, and liquid water content (1wc) for the collector, assuming a 
collection efficiency of 100 percent. 
It has not been determined yet whether all the rain that enters 
the collector is retained or if there is some water lost through 
the air exhaust; however, if some water is lost, a representative 
sample is still probably obtained. That is, even if the radio-
activity concentration varies with drop size, all sizes are col-
lected and mixed on the collector surfaces before any loss occurs. 
FIG. 25 RELATION BETWEEN RAIN COLLECTION RATE, 
RAINFALL RATE, AND LIQUID WATER CONTENT 
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The amounts of water collected aloft were compared with those 
collected simultaneously at the surface in a further effort to de-
termine the collector efficiency. The average liquid water contents 
(1wc) for the rainfall rates measured at the ground were computed 
from relations between liquid water content and rainfall rate de-
termined by Sims (1964). The calculated lwc was then compared with 
the amount of water collected aloft. The comparison was made with 
data taken on June 5, 1964, in a relatively uniform rain. The 
amount of water collected varied from 51 to 97 percent of that 
predicted. However, the lwc varies considerably for any given 
low rainfall rate (Mueller, 1962) so that the variation in cal-
culated collector efficiency could have been caused by the differ-
ence between the calculated and actual lwc. 
Water collection flights were made in East Central Illinois 
on four occasions to test the collector. The tests indicate that 
the airborne collector will satisfy the project requirements. A 
technical paper describing the equipment and results of the data 
analysis is in preparation. 
References 
Pacy, L., 1962, Nuclear Radiation in Geophysics, Springer-Verlag, 
Berlin, p. 204. 
Greenfield, S. M., 1957, Rain Scavenging of Radioactive Particulate 
Matter from the Atmosphere, J. of Met., 14, p. 115. 
Mueller, E. A., 1962, Investigation of the Quantitative Determina-
tion of Point and Areal Precipitation by Radar Echo Measurements, 
Third Quarterly Technical Report, Contract No. DA-36-039 SC-8728O, 
Illinois State Water Survey, Urbana, Ill. 
Oddie, B. C. V., 1962, The Chemical Composition of Precipitation at 
Cloud Level, Quarterly Journal Royal Met. Soc, Vol. 88, p. 535. 
Schlichting, Herman, 1955, Boundary Layer Theory, McGraw Hill, 
New York, New York, p. 535. 
Sims, A. L., et al., 1964, Investigation of the Quantitative 
Determination of Point and Areal Precipitation by Radar Echo 
Measurements, Ninth Technical Report, Contract No. DA-36-039 
SC-8728O, Illinois State Water Survey, Urbana, Ill. 
